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GEOLOGY  OF  THE  RANGELY  OIL  DISTRICT;  RIO  BLANCO 
COmn,  COLORADO,  WITH  A  SECTION  "ON  THE 
WATER  SUPPLY. 


By  HoYT  S.  Galk. 


INTBODXrcnoN. 


LOCATION  OF  THE  FIELD. 


The  Rangely  oil  field  is  situated  in  Raven  Park,  in  tlie  extremi 
northwestern  part  of  Rio  Blanco  County,  Colo.    It  lies  u  short  dis 


tance  north  of  the  Colorado  base  line,  which  is  approximately  the 
fortieth  parallel,  and  II)  to  15  miles  east  of  the  CoIorado-lTtah'  line. 
(See  fig.  1.)    The  field  oc-enpies  a  basin  which  is  ii  broa<lened  portion 
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of  the  lower  White  River  vajlej'v  It  is  inchided  within  the  block 
of  townships  1,  2,  and  3,iiiu-th  of  the  base  line  in  ranges  101,  102, 
and  103  west  of  the  si±tb**'prineipal  meridian.  Rangely  post-office, 
from  which  the  oiLfiejA takes  its  name,  is  the  center  of  the  scattering 
settlement  along^'.fl56  immediate  valley  of  the  river,  which  skirts 
the  southerfr.margin  of  the  basin.  The  post-office  is  about  33  miles 
from  Ditfgon^*  Utah,  the  present  terminus  of  the  Uintah  Railway. 
The  \xip*trbm  Dragon  to  Rangely  can  be  readily  accomplished  in  a 
siriglf  'dky,  but  must  now  (summer,  1907)  be  made  by  private  con- 
•/Vftyknce,  as  no  regular  means  of  transportation  is  provided.  Stage 
*--,alid  principal  mail  connections  from  Rangely  are  by  way  of  Meeker, 
the  county  seat  of  Rio  Blanco  County,  which  is  60  miles  distant  by 
road  up  the  White  River  valley.  A  stage  runs  from  Meeker  to  Rifle, 
a  station  on  the  Denver  and  Rio  Grande  Railroad,  about  45  miles 
farther  on.  The  whole  trip  from  Rangely  to  the  railroad  by  way  of 
Meeker  occupies  about  two  and  one-half  days  of  actual  travel,  not 
including  probable  delays  incident  to  the  stage  connections. 

SCOPE  OF  THE  PRESENT  REPORT. 

Present  interest  in  the  Rangely  district  centers  mainly  in  its  pros- 
pective development  as  an  oil  field.  The  intelligent  study  and  ex- 
ploitation of  its  oil  resources  must  of  necessity  be  based  primarily  on 
a  knowledge  of  its  geologic  structure  and  rock  formations.  The  field 
has  already  been  described  in  the  reports  of  the  early  geologic  explora- 
tion of  this  general  territory.  The  keen  observation  and  admirable 
descriptions  of  C.  A.  White,  who  as  geologist  of  the  Hayden  Survey 
studied  this  district  in  the  early  seventies,  have  appealed  strongly  to 
the  popular  understanding  and  have  gained  ready  acceptance  as  a 
basis  for  the  interpretation  of  many  later  problems  of  the  field. 

The  present  report  is  intended  as  a  review  of  the  geology  of  the 
field  in  greater  detail  than  was  possible  in  the  early  exploration  and 
reports.  It  is  also  the  purpose  herein  to  discuss  the  conclusions 
reached  in  that  earlier  work  and  to  correct  some  misinterpretations 
which  are  now  widespread  and  probably  originated  there.  The  exten- 
sion of  detailed  geologic  study  in  Cretaceous  and  Tertiary  strata  of 
the  Rocky  Mountain  and  Plateau  provinces  in  the  last  few  years  by 
various  field  parties  of  the  Geological  Survey  has  made  available 
much  additional  evidence  bearing  on  the  general  problems  of  the 
geologic  histoi'y  of  these  regions. 

The  maps  (Pis.  I,  II,  in  pocket)  are  new  and  niore  accurate  and 
detailed  than  any  hitherto  available.  The  structure  sections  (PI.  Ill, 
p. 34), though  necessarily  based  largely  on  theoretical  assumptions,  are 
nevertheless  carefully  worked  out  from  all  the  evidence  available  and 
are  thought  to  be  good  representations  of  the  relative  thicknesses  and 
structure  of  the  stratigraphic  formations  that  underlie  this  district. 
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It  is  hoped  that  the  description  and  discussion  given  herein  may  prove 
to  be  of  practical  vahie  in  the  economic  development  of  the  field.  It 
is  beyond  the  scope  of  this  paper  to  make  any  specific  predictions  as 
to  sites  or  possible  productiveness  of  wells.  The  chief  purpose,  as 
suggested  by  the  title  of  the  paper,  is  to  present  a  study  and  discussion 
of  the  geology  of  the  district  in  which  the  oil  has  been  foiuid. 

FIELD  WORK. 

The  field  work  which  forms  the  basis  of  this  report  occupied  a 
period  of  about  one  month  in  August,  1907.  The  primary  object  of 
tlie  work  in  this  region  was  an  investigation  of  the  coal  fields  in  this 
part  of  the  State,  for  the  purpose  of  determining  their  probable  ex- 
tent and  value  and  of  making  a  classification  of  the  public  lands. 
The  topographic  and  geologic  mapping  is  the  work  of  John  Allen 
Davis,  Charles  W.  Stoops,-  and  the  writer. 

TOPOGRAPHIC  MAP. 

The  topographic  map  (PI.  I)  which  accompanies  this  report  and 
serves  as  a  base  for  the  geologic  mapping  is  a  part  of  a  larger  map 
now  (December,  1907)  in  course  of  preparation,  intended  for  publica- 
tion in  a  report  on  the  coal  fields  of  this  general  region.  The  amount 
and  character  of  the  surface  relief  of  the  region  are  represented  by 
contours,  or  lines^  of  equal  elevation,  spaced  at  vertical  intervals  of 
100  feet.  These  were  drawn  in  the  field  and  to  a  large  extent  the 
sketching  was  done  from  the  land-survey  lines  and  corners.  All  the 
section  corners  that  were  found  are  shown  by  a  symbol  on  the  maj), 
so  that  some  estimate  may  be  made  of  the  relative  accuracy  of  the 
sketching  and  locations  by  noting  the  corners  and  lines  from  which 
the  information  was  obtained.  In  addition  to  the  sketching  and  re- 
tracing of  section  lines,  a  number  of  the  main  roads  of  the  district 
were  traversed  with  plane  table,  this  work  being  tied  to  land-survey 
corners,  wnth  intersections  and  angles  of  elevation  recorded  to  promi- 
nent points  for  control. 

The  recently  completed  resurveys  of  the  land  subdivision  lines  were 
found  to  l)e  in  most  satisfactorv  condition,  so  far  as  thev  could  l>e. 
checked  by  the  methods  employed  during  the  present  work.  Most  of 
the  comers  along  the  lines  traversed  were  readily  found  and  fairly 
well  marked.  It  is  to  be  regretted,  however,  that  some  of  the  monu- 
ments or  corner  stakes  and  markings  are  not  of  a  more  durable  char- 
acter and  in  a  more  permanent  form.  The  well-established  lines  of 
this  new  land  survev  formed  an  excellent  base  for  the  horizontal  con- 
trol  of  the  map  here  presented.  These  lines  have  been  plotted  accord- 
ing to  the  standard  polyconic  projection,  with  due  allowance  for  con- 
vergence and  curvature  for  the  scale  adopted  at  the  given  latitude. 
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The  Colorado  base  line  is  approximately  the  fortieth  parallel.  The 
latest  survey  of  this  base  line  is  a  reestablishment  of  the  older  sur- 
veyed line,  replacing  the  old  corners  by  the  present  ones,  which  are 
set  at  1-mile  intervals  according  to  the  last  and  presumably  most 
correct  measurements. 

Elevations  shown  on  the  map  are  based  on  and  corrected  to  two 
lines  of  railroad  surveys  and  levels,  which  traverse  the  Rangely  dis- 
trict from  east  to  west,  one  extending  down  White  River  and  the 
other  crossing  by  way  of  the  longitudinal  valley  at  the  southern  foot 
of  Blue  Mountain.*  In  order  to  record  these  data  the  alignments 
are  shown  on  the  map,  together  with  the  elevations  given  at  various 
points  along  them.  With  future  and  more  carefully  adjusted  work 
it  will  doubtless  be  found  necessary  to  apply  some  minor  corrections 
to  the  elevations  that  are  given  here,  but  in  view  of  the  somewhat 
incomplete  connections  with  any  well-established  datum  that  are  now 
obtainable  no  attempt  has  been  made  to  revise  the  figures  of  the  origi- 
nal survey.  The  following  checks  are  obtained  at  the  points  named, 
which  are  independent  and  situated  at  either  end  of  the  line  used: 

EUrations  at  Xnrcn>ttl(\  Colo,,  and  Green  Uirei\  Utah. 


Newcastle - - — 

Green  River,   Utah,  mouth  of  Ashley  Cret'k. 
water  levels - 


Colorado 
Midland  Rail- 
way survey 

via  White 
River. 


Feet. 
5,570 

4,728 


Denver  and 

Rio  Grande 

Railroad 

levels.** 


Feet. 

5,r>.V2 


Denver, 
Northwest- 
ern and  I*a- 
eiflc  (Moffat) 
Railway  sur- 
,  vey,  cor- 
re<"ted  to 
Denver. 


Feet. 
M,7ir) 


FA'ident 
eorre<aion. 


Feet. 
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"Gannett,  Henry,  Dictionary  of  altitudes  In  United  States,  A\.\\  e«l.:  Hull,  i: 
No.  274,  IWKi. 
*  Approximate. 


S.  (Jfol.  Snrvfv 


The  sketching  of  topography  throughout  the  rest  of  the  field  is 
based  on  elevations  determined  by  aneroid  lmrometei*s. 

GKNTCRAI.  DESCRIPTION. 


LOCALITY  NAMES  AND  SETTLEMENT. 

The  Rangely  Basin  was  first  called  Raven  Park  by  C.  A.  White, 
who  as  geologist  of  the  Hayden  Survey  visited  the  region  in  1875. 
As  a  topographic  basin  it  presents  a  curious  contrast  to  the  surround- 
ing broken  and  more  rugged  country.    The  district  as  an  oil  field  is 


«  Routes  were  surveyed  through  the  Raven  Park  district  In  December,  ISSr,,  and 
January,  1887,  also  in  July,  1887.  by  the  Colorado  Midland  Railway,  to  whoso  court.sy 
the  writer  is  indel)ted  for  the  use  of  the  survey  nolos.  Acknowledt'n^enl  Is  also  duo  to 
Mr.  V,  V.  Mallon.  of  Colorado  CMty,  Colo.,  for  his  kindness  and  assistance  in  looking  up 
these  old  records. 
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now  more  generally  known  as  the  Rangely  Basin,  from  the  post- 
office  located  there.  White  defines  the  term  ''  park  "  in  the  intro- 
duction to  his  report,**  and  according  to  that  definition  his  use  of  the 
term  to  describe  the  White  Kiver  valley  at  Rangely  is  correct.  Ac- 
cording to  popular  usage  in  the  Rocky  Mountain  region,  however, 
the  term  perhaps  implies  somewhat  of  the  picturesque  quality,  a 
park  being  an  open  glade  or  valley  surrounded  or  partly  inclosed 
by  timbered  hills.  With  such  a  meaning  the  term  would  hardly  be 
appropriately  applied  to  the  Rangely  Basin.  This  basin  is  in  truth 
a  desolate  waste  of  dry  washes  and  almost  barren  clay  ridges,  except 
only  the  immediate  valley  bottoms  of  White  River.  There  is  prob- 
ably but  little  change  since  the  time  of  the  Hayden  Survey,  l)eyond 
the  establishment  of  scattering  ranches  along  the  river  flats.  A  few 
wagon  trails  and  wood  and  coal  roads  lead  out  over  the  ridges  or 
among  the  well-drillers'  camps  and  these,  with  an  idle  derrick  or  two 
and  well-drillers'  cabins,  are  the  only  present  signs  of  habitation. 

OUTLINE  OF  THE  BASIN. 

The  Rangely  Basin  is  irregularly  oval  in  outline,  its  longer  diameter 
extending  from  northeast  to  southwest  with  a  total  length  of  about 
15  miles.  The  low  valley  portion,  or  Raven  Park,  has  an  approximate 
width  of  about  5  miles.  The  valley  itself  is  bordered  by  an  escarj)- 
nient  rim,  averaging  about  500  feet  in  height,  which  presents  a  steep 
scarp  or  diflf  facing  inward  toward  the  basin  center.  This  innermost 
escarpment  edge  is  locally  known  as  the  '"  rim  rock  "  and  is  easily 
recognized  as  the  upper  limit  or  cap  rock  of  the  oil-bearing  shale, 
from  which  the  park  has  lx»en  eroded,  l^eyond  th(^  "  rim  rock  ''  the 
ridges  dip  away  in  more  gradual  slopes,  rising  in  successive  steps 
upon  cliffs  of  the  higher  sandstone  strata.  Higher  steej)  escarj)inent 
bluffs  above  and  beyond  the  "  rim  rock '"  face  inward  in  concentric 
arrangement  rudely  parallel  to  the  margin  of  the  park.  Sharj)  rocky 
canycms  intersect  the  surrounding  ridges,  draining  into  the  central 
valley. 

DRAINAGE. 

AMiite  River  enters  the  park  through  a  canyon  at  its  southeast  ex- 
ti*einity,  flows  along  the  southern  margin,  and  leaves  again  by  another 
canyon.  Below  the  park  the  river  flows  continuously  in  a  deepening 
canyon  for  the  remainder  of  its  course  in  Colorado.  Raven  Park  thus 
lies  for  the  most  part  north  of  the  river  valley.  Besides  the  river 
itself  one  perennial  stream  enters  the  park  from  the  south.  This  is 
Douglas  Creek,  which  drains  an  extensive  area  south  of  White  lliver. 
Its  headwaters  reach  back  to  the  divide  between  White  and  Grand 
rivers  along  the  summit  of  the  Roan  or  Book  Cliffs  Plateau.    North  of 


«  Report  on  goolojjy  of  a  portion  of  northwestern  Colorado  :  Tenth  .\nn.  Rept.  U.  S.  Geol. 
and  <;eog.  Surv.  Terr.,  1878,  pp.  0. 
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White  River  the  principal  drainage  is  a  wet-weather  stream  known 
as  Stinking  Creek,  originally  named  Unga-too-roosh  on  the  Hayden 
maps.  This,  like  most  of  the  other  drainage  channels  of  the  region, 
is  dry  most  of  the  sunmier  except  immediately-  after  heavy  showers, 
when  it  runs  full  with  thick  muddy  water  for  a  few  hours  only.  All 
these  waters  are  heavily  charged  with  alkaline  salts. 

SURFACE  AND  VEGETATION. 

The  dry,  hard  soil  supports  but  little  vegetation.  The  clay  ridges 
are  sparsely  covered  with  the  interminable  sage,  greasewood,  and 
prickly  pear.  Along  the  immediate  channels  of  the  dry  washes  the 
same  shrubs  are  found  in  thicker  growth.  The  ground  absorbs  but 
little  water  even  after  the  occasional  floods  of  the  summer  storms. 
In  heavy  showers  the  water  barely  w^ets  the  top  of  the  ground,  run- 
ning off  rapidly  and  leavmg  the  surface  to  harden  again  and  crack 
in  the  dry  air.  Lack  of  water  supply,  absence  of  feed  for  cattk>  or 
horses,  and  the  general  destitute  character  of  the  region  as  a  wliole 
had  caused  but  little  value  to  be  attached  to  the  land  until  the 
existence  of  oil  was  discovered  seven  or  eight  years  ago. 

ROCK  FORMATIONS. 

GENERAL  SUMMARY. 

The  rocks  exposed  in  the  vicinity  of  the  Rangely  field  represent 
a  large  interval  in  the  geologic  time  scale.  On  the  great  axes  of  uplift 
that  form  a  part  of  the  Uinta  Mountain  system  north  and  northwest 
of  Raven  Park  erosion  has  exposed  the  oldest  rocks  that  occur  in  the 
region.  On  the  southern  flanks  of  Blue  Mountain  rocks  as  low  as 
Carboniferous  are  brought  to  view,  and  from  Blue  Mountain  south- 
ward a  thickness  of  more  than  7,500  feet  of  tilted  Mesozoic  strata  is 
exposed  in  detail.  These  beds  overlie  the  incompletely  exposed  section 
of  Paleozoic  rocks  and  in  turn  are  covered  by  a  similar  thickness  of 
Tertiary  strata  toward  the  south.  The  following  list  of  formations 
and  periods  is  given  to  outline  the  groups  into  which  these  strata  are 
subdivided  for  purposes  of  description: 

Summary  of  formations  exposed  in  the  Rangely  district  as  represented  on  the 

geologic  map  {PI,  II,  in  pocket). 


Period. 


Formation. 


I>erivation  of  the  formation  names. 


Cretaceous 
Jurassic— 


Tertiary.— jwSStoilT-ii^:::::::::::::::::::::::  }^^"*^'  ^°'''^"'  ""'^  ""^'^^°  rcvon^. 

\  (Unconformity.)  | 

Ma1fcM'^8hil?'""*^°° "--_—- }cro8s,  southwestern  Colorado  reports. 

Dakota  sandstone. 
•*  Flaming  Ok)rge 
•♦White  Cliff 


?> 


Meek  and  Haydcn  and  others. 
./Powell,  Geolojry  of  Uinta  Mountains. 


A  discussion  of  the  occurrence  of  the  Rangely  oil  is  directly  con 
cerned  only  with  the  Cretaceous  formations  of  the  preceding  tablo 
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For  this  reason  the  descriptions  here  given  are  largely  confined  to 
these  formations  and  include  only  brief  mention  of  such  strata  above 
and  below  as  naturally  fall  within  the  field  inchided  by  the  geologic 
map.  It  is  the  intention  of  the  author  to  present  a  fuller  discussion 
of  the  more  complete  stratigraphic  section  in  a  later  paper.'' 

PRE-CRETACEOUS   ROCKS. 

Immediately  below  the  Dakota  sandstone  is  a  mass  of  variegated 
badland-forming  shale  and  clay,  including  some  harder  beds  of 
limestone  and  sandstone,  together  with  a  pecidiar  dark  cherty, 
siliceous  conglomerate  almost  exactly  like  that  commonly  found 
with  the  Dakota  formation  above.  The  shale  or  marl  is  prevailingly 
of  greenish  and  pinkish  shades,  with  some  beds  that  weather  yellow. 
The  lower  100  to  150  feet  of  this  formation  is  composed  of  darker- 
colored  beds,  fine  greenish  sandstone  and  calcareous  rock.  Limestone 
layers  composed  largely  of  shells  are  present  near  the  base,  although 
the  general  character  of  the  beds  seeuis  to  indicate  much  limy  or 
marly  material  throughout.  These  beds  have  an  approximate  thick- 
ness of  800  feet,  as  measured  near  the  base  of  Blue  Mountain.  They 
are  well  represented  in  the  excellent  exposures  on  the  steep  northern 
slopes  of  the  Dakota  hogback  in  that  locality,  the  more  resistant  sand- 
stones of  the  Dakota  formation  capping  and  preserving  from  erosion 
the  upper  membere  of  these  weaker  beds.  The  lower  beds  almost 
invariably  form  valleys,  and  as  they  are  usually  tilted  at  considerable 
angles,  their  outcrop  is  a  relatively  narrow  strip  between  inclosing 
ridges.  The  lower  strata  of  these  variegated  beds  are  of  mai;ine 
origin,  as  shown  by  the  fossils  they  contain;  the  upper  part,  by 
analogy  with  other  and  l>etter-lvnown  sections,  is  supposed  to  be  com- 
posed largely  of  fresh-water  deposits. 

The  variegated  and  shaly  beds  are  limited  at  the  base  by  a  second 
group  of  sandstones  which,  like  tiie  Dakota,  usually  forms  a  steep 
rocky  ridge.  This  group  is  more  completely  couij^oschI  of  sandstone 
than  the  Dakota,  and  is  even  more  consj^icuous  as  a  ridge  maker.  It 
is  usually  very  white  and  massive  and  cross-l)ed(led  to  an  extreme 
degree. 

The  variegated  beds  are  of  Jurassic  age  and  probably  correspond  in 
their  upper  or  supposedly  fresh-water  part  to  the  Morrison  formation 
east  of  the  Rocky  Mountains.  They  have  also  been  variously  named 
"Flaming  Gorge,"  McElmo,  and  in  part  Gunnison  in  the  Uinta 
Mountain  and  western  Rockv  Mountain  re<i:ions.  The  relations  of 
these  formations  are  indicated  in  the  correlation  table  on  page  27. 
The  cross-bedded  white  sandstone  is  also  of  Jurassic  age,  as  is  shown 
by  fossils  obtained  from  this  field.    It  is  with  little  doubt  the  equiva- 


•  Coal  fields  of  northwestern  Colorado  and  northeastern  Utah  :   Bull.  U.  S.  (jSeol.  Survey 
(in  preparation). 
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lent  of  the  "  White  Cliff  "  sandstone  mapped  by  Powell  on  the  north 
side  of  the  Uinta  Mountains,  and  also  seems  to  be  with  almost  equal 
certainty  equivalent  to  the  La  Plata  sandstone  *  of  the  southwestern 
Colorado  sections.  The  following  fossils  were  collected  from  these 
formations  during  the  last  season,  and  are  considered  to  prove  con- 
clusively the  Jurassic  age  of  the  beds  in  which  they  were  found.  All 
are  of  marine  types,  being  from  the  basal  portion  of  the  variegated 
beds  and  from  the  upper  half  of  the  cross-bedded  white  sandstone. 

Fossils  collected  from  the  Jurassic  rocks  north  of  Haven  Park,^ 

Variegated  beds: 

Ostrea  sp. 

Ostrea  strigilecula  White. 

Eumicrotis  carta  (HaJl). 

Tancredia  (?)  inoniata  Whitfield. 

Astarte  sp. 

Belemnites  deusua  M.  and  II. 
Cross-bedded  white  sandstone: 

Trigonia  qiiadrangnlaris  II.  nnd  M. 

Tancredia  sp. 

The  principal  economic  interest  that  has  as  yet  l)oen  attached  to 
these  beds  is  due  to  the  occurrence  of  deposits  of  ores  of  uranium  juid 
vanadium  in  the  massive  cross-bedded  sandstone.  These  deposits 
have  been  elsewhere  described.**  A  single  observed  occurrence  of  a 
bed  of  hard  black  carbonaceous  material  which  is  probably  an  im- 
pure coal  has  been  found  in  Red  Wash  Creek  where  its  channel  cuts 
the  ledges  of  cross-bedded  Jurassic  sandstone,  the  l)ed  outcropping 
among  the  upper  members  of  that  formation.  Tlie  coal  is  t>  to  3 
inches  thick  and  only  slightly  weathered,  occurring  at  water  level  in 
the  rather  badly  disintegrated  sandstone.  Although  very  poorly 
exposed,  it  is  api)arently  interstratified  with  the  sandstone  itself. 
The  analysis  of  this  material  has  given  the  following  results  i** 

Contains  less  than  1  ix»r  cent  of  matter  solnble  in  carbon  dlsnlphld  and  does 
not  soften  In  tianie:  therefore  is  not  gilsonlte  or  rehitcil  hydrocarbon.  As  ii 
coal  it  lias  approximately  the  following  composition: 

Annlifsis  of  coal  from  Red  Wash  Creek. 

Moist  nre  10.."> 

Volatile  matter 4'IA) 

Fixe<l    carl)on 42.0 

Ash 4.0 

lUO.O 


«  Cross,  Whitman.  Stratigraphic  results  of  a  roconnalssanoe  in  western  Colorado  and 
Utah:  .Tour.  Gvology,  vol.  15.  1007.  p.  042. 

*  Determinations  by  Dr.  T.  W.  Stanton ;  collections  now  In  ITnlted  States  National 
Museum. 

'^  Toiltributlonsj^^o  Economic  Geology,  1007  :  Bull.  IT.  S.  Geol.  Survey  No.  a40,  1008. 
pp.  2ir,7-2(Wf. 

«*  .VnalyslA  No.  22H;2  by  E.  C.  Sullivan,  in  the  chemical  laboratory  of  the  United  States 
Geol.  Survey.         ' 
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DAKOTA   SANDSTONE. 

The  Dakota  sandstone  iloe>  not  come  to  the  surface  in  Raven  Park, 
liiit  is  well  exi>osed  in  the  foothill  ridges  at  the  southern  eilge  of  Blue 
Mountain^  a  few  miles  farther  north.  Tliis  fonnation  lies  at  the  l>ase 
of  the  oil-bearing  shale  and  has  been  supjxised  by  many  interested! 
in  the  development  of  this  field  to  offer  highly  favorable  ctmditions 
for  the  storage  of  large  Ixxlies  of  oil.  It  has  thus  Ixn^n  the  object i\'e 
point  for  most  of  the  deeper  wells  drilled  in  this  field. 

The  remarkable  |x?rsistence  of  its  lithologic  character  and  its  inm- 
tinuity  of  exjx)sure  over  such  extensive  areas  have  leil  to  the  ac- 
ceptance of  the  Diikota  sandstone  as  a  key  nx*k  for  the  o>rrelation 
of  widely  distributed  stratigraphic  sections  of  the  Mesozoic  nx^ks, 
lioth  above  and  l)elow  that  horizon.  Few  fossils  have  Ikhmi  obtaineil 
from  it  in  the  territory  adjacent  to  the  Rangely  field,  and  its  reix>g- 
nit  ion  there  is  based  on  tracing  from  other  fields,  on  its  i>osition  im- 
mediatelv  below  the  abundantlv  fossiliferous  lower  Manc*os  (Benton) 
shale,  and  on  the  lithologic  constitution  of  its  IhhIs,  which  cornvspoiul 
to  those  widely  accepted  as  characteristic  of  the  Dakota. 

Although  the  details  of  the  formation  exi)Osed  at  the  southern  fiK>t 
of  Blue  Mountain  can  hardly  l)e  ex|>ected  to  correspond  precisc»ly  to 
those  of  the  formation  as  it  lies  underneath  the  Rangely  field,  a 
description  of  the  Blue  Mountain  section  c<mtains  the  l>est  available 
estimate  of  the  character  and  thickness  of  these  Ix^ds  than  can  now  be 
had.  The  following  measurements  were  made  of  the  tilted  strata 
exposed  near  the'  headwaters  of  Willow  Ci-eek,  one  of  the  principal 
tributaries  of  Stinking  Creek,  in  the  XW.  j  SH  \  sit.  12,  T.  3  X.,  R. 
103  W. 

Svrtion  of  Dakota  mndatoHv  at  ^^'itlow  Crcrk, 

1.  8aiMlstoiK\    \v(»j»tli«M*e<l   brown    (ovorlaiii   by    dark-^rrny   jnul 

blac'k  slaty  shale,  supiiosod  to  reprt^scnt  tlu»  bast*  of  the 
Mancos    [Beuton]) 10 

2.  Shalt*  with  hedn  of  white  clay  and  a   hard   sllictHuis  con- 

glomerate: shale  very  black  and  slaty  near  its  base 110 

H.  Sandstone,    white,    cross-lHMldtHl,    containing    con;:loni\»r}ite 

layers ._     -10 

4.  Interval,     probably     sliale,     covenni     by     sandstone     slldt*- 

rcH'k ISO 

5.  Sandstone ',\ 

(}.  Shale,  variepitiHl  In   coh)rs  of  pink  and  ki'^hmi,  containing 

also  one  or  more  binls  of  dense  rtnldish-pnrple  linH»stom»__     *X) 

7.  (>>nj^lomerate,    of   coarse,    iH»rfectly    ronndtnl    pel>l)les   in   a 

scant    sandy     matrix :     pel>bles     larjjely     of    chert     and 

sillcet>n8  material .  -Ifi 
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Doctor  Stanton  has  expressed  the  opinion  that  Nos.  4  to  7  of  the 
Willow  Creek  section  as  indicated  al)ove  may  be  found  to  be  older 
than  the  Dakota.  lie  says  "the  variegated  shale  (No.  6)  suggests 
the  Morrison  or  possibly  the  Fuson  of  Darton's  Black  Hills  section." 
If  this  opinion  is  correct  the  massive  conglomerate  stratiun  so 
naturally  included  in  the  base  of  the  Dakota  may  really  be  a  part  of 
the  underlying  Jurassic  formations  and  not  Dakota  at  all.  This  view 
is  given  only  as  a  tentativ^e  suggestion. 

The  Dakota  outcrop  extends  westward  from  the  Willow  Creek 
locality  continuously,  with  nmch  uniformity  in  character  and  thick- 
ness, to  and  l>eyond  the  Colorado-Utah  boundary.  It  there  forms  a 
steep,  rocky  ridge  whose  summit  is  composed  of  the  heavy  basal 
stratinn  of  coai'se  conglomerate,  resting  immediately  upon  the 
variegated  clay  of  the  underlying  Jurassic.  East  of  the  Willow 
Creek  locality  the  coarse  basal  conglomerate  is  found  as  far  as  Red 
AVash  Creek,  beyond  which  it  is  thin  or  \vanting  entirely.  Near 
Three  Springs,  about  15  miles  east  of  Willow  Creek,  the  whole 
Dakota  formation  is  thin,  Ix^ing  apparently  represented  by  an  out- 
crop of  two  inconspicuous  sandstone  beds,  each  not  over  10  feet  in 
thickness,  separated  by  an  interval  of  shale. 

The  only  fossils  that  were  found  in  these  beds  consist  of  a  few^  very 
indistinctly  pi*eserved  leaves.  These  were  collected  in  a  prospect  pit 
exposing  a  black  carbonaceous  shale  included  between  the  massive 
white  sandstones  near  the  top  of  the  formation.  The  pit  is  situated 
in  the  SE.  i  sec.  5,  T.  3  N.,  R.  101  W.,  just  north  of  the  Yampa  River 
and  Vernal  wagon  trail  and  near  the  headwaters  of  the  west  fork  of 
Red  Wash  (lulch.  The  si>ecimens  collected  could  not  be  identified, 
but  the  locality  may  serve  as  a  guide  in  further  search  for  better 
nmterial. 

MANGOS   SHALB. 

The  formation  next  above  the  Dakota  is  the  Mancos  shale,  a  thick 
mass  of  homogeneous  clay  shale  with  a  few  more  sandy  layers.  It  is 
consideivd  here  as  a  single  unit,  although  it  has  formerly  been  sub- 
divided into  various  formations,  largely  on  paleontologic  grounds. 
The  relation  of  the  Mancos  shale  to  the  subdivisions  of  the  earlier 
exploivrs  is  indicateil  in  the  correlation  table  on  page  27.  From 
this  it  may  be  seen  that  ilancos  includes  all  that  has  been  previously 
termed  Colorado  and  also  a  part  of  that  classed  as  Fox  Hills  by 
White,  of  the  Ilavden  Survev.  It  thus  includes  also  the  Benton, 
Niobnira,  and  a  part  of  the  Pierre  fonnations,  according  to  a  classi- 
tication  of  the  Civtaceous  section  based  on  sulxlivisions  originally 
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adopted  for  strata  of  the  upper  Missouri  River  and  adjoining  fields. 
In  brief,  the  Mancos  is  intended  to  inchide  all  of  the  predominatingly 
shaly  strata  above  the  Dakota  and  below  the  massive  sandstones  of 
the  next  succeeding  or  Mesaverde  formation. 

Raven  Park  is  eroded  on  the  Mancos  shale,  and  it  is  in  this  forma- 
tion that  the  oil  of  the  Rangely  field  has  been  found.  The  least- 
altered  exposures  of  these  beds  known  in  this  area  are  those  found 
in  the  bluffs  along  the  north  side  of  White  River.  Here  the  shale 
occurs  in  slightly  weathered  condition  and  presents  a  more  compact, 
slaty  appearance  than  is  usual  for  this  formation.  Where  fresh  and 
undisturbed  the  shale  is  dark  and  fine  grained,  and  in  part  at  least 
shows  thin  lamination  with  considerable  cross  jointing.  As  more 
commonly  exposed  in  escarpment  bluffs  or  in  wash  banks  of  the  many 
intermittent  drainage  channels,  it  dries  to  a  lighter-gray  color,  blend- 
ing with  that  of  the  soil  into  which  it  so  readily  breaks  down.  By 
reason  of  its  nonresistant  nature  this  formation  commonly  gives  way 
to  a  heavy  clay  soil  cover  over  low,  rounded  slopes,  and  is  rarely 
exposed  in  a  fresh  condition. 

The  basal  part  of  the  Mancos  shale  may  be  naturally  and  readily 
distinguished  as  a  distinct  division  of  the  formation,  and  contains 
Benton  fossils.  The  Dakota  sandstone  is  almost  invariably  overlain 
immediately  by  200  feet  or  more  of  dense  black  slaty  shale,  which 
usually  forms  a  long,  low  valley  on  the  dip-slope  side  of  the  Dakota 
ridge.  Above  these  beds  is  a  similar  thickness  of  shaly  strata  contain- 
ing a  number  of  more  resistant  beds  of  sandstone  and  limestone,  which 
usually  give  rise  to  a  distinct  line  of  minor  hogbacks  similar  to  those 
of  the  Dakota,  though  of  lesser  elevation  and  more  largely  composed 
of  shaly  strata.  The  sandy  layers  are  in  many  places  of  dark  color 
and  of  moderately  fine  and  even  grain,  and  are  as  a  rule  flaggy  or 
somewhat  thinly  bedded.  These  beds  are  commonly  fossiliferous,  and 
the  calcareous  beds  also  contain  abundant  shells.  Collections  ob- 
tained from  many  localities  assign  these  rocks  definitely  to  the  upper 
part  of  the  Benton  shale."  The  following  is  a  list  of  identified 
species  from  the  Willow  Creek  section  described  above : 

Bentoti  fossila  from  Willow  Creek  at  the  southern  foot  of  Blue  Mountain. 

Ostrcr  lugubrls  Conrad. 
Inc     rinuis  fragilis  II.  ani  M. 
In'  jerroiius  (liuiidius  White. 
Scujhites  warren i  M.  and  H. 
Prion oeycl us  sp. 


■Determinations  by   Dr.   T.   W.    St»nton  ;   colloctipn.s   now   in    Vnitod   States   National 
Muaeum. 
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Above  the  sandstones  the  remainder  of  this  great  shale  formation 
attains  a  thickness  of  approximately  5,000  feet,  or  about  1  mile.  It 
is  to  all  appearances  of  homogeneous  composition  throughout,  but 
the  records  of  oil  wells  driven  through  it  distinguish  layers  described 
by  some  of  the  drillers  as  sandy. 

The  uppermost  part  of  the  Mancos  shale  is  perhaps  more  commonl}'^ 
exhibited  at  outcrops  than  any  other  part  of  the  formation,  with 
the  exception  of  the  lowest  few  hundred  feet  already  described.  By 
reason  of  the  protection  offered  by  the  lowest  sandstone  layers  of  the 
next  succeeding  formation,  it  occupies  in  many  places  nearly  the 
whole  face  of  the  escarpment  up  to  heights  of  ()00  or  800  feet.  Of 
these  topmost  beds  the  lower  portion  is  normally  buried  in  the  debris 
that  slides  down  from  the  steep  slopes  above.  The  shale  liere 
appears  to  be  lighter  in  color  and  more  sandy  than  the  basal  beds 
already  described,  but  it  is  uncertain  whether  this  is  the  result  of 
long  exposure  to  weather  and  the  consequent  drying  out  of  its  nat- 
ural moisture,  or  to  variation  of  constitution  in  the  upper  part  of  the 
formation. 

The  soil  that  forms  upon  the  surface  of  the  Mancos  shale  is  a 
compact  clay,  very  hard  when  dr\^  but  becoming  a  deep  plastic  mud 
when  thoroughly  wet.  This  soil  is  usually  hard  and  dry  during  the 
summer,  when  its  surface  becomes  deeply  cracked  and  fissured.  Rains 
of  short  duratiooi^  such  as  frequently  occur  in  the  summer,  season, 
scarcely  penetrate  the  soil  at  all,  except  as  they  fill  these  cracks.  Sur- 
face water  runs  off  rapidly,  cutting  abrupt  vertical-sided  channels 
or  miniature  canyons  even  to  a  deptli  of  50  feet  or  more.  These  gul- 
lies rapidly  extend  and  deepen  with  eacli  succeeding  flood,  and  in 
places  the  dissection  becomes  so  intricate  as  to  produce  a  typical  bad- 
land.  Areas  of  such  topography,  which  characterizes  much  of  Raven 
Park,  are  accessible  only  with  much  difficulty,  and  then  (mly  by 
avoiding  the  stream  courses  as  far  as  possible  and  following  the  divid- 
ing ridges. 

The  soil  is  in  many  places  filled  or  covered  with  scattered  fragments 
of  selenite,  which  is  gypsum  in  its  clear,  crystalline  form,  and  larger 
pieces  of  this  mineral  are  strewn  aliout  upon  the  surface,  as  if  residual 
in  the  soil  from  the  disintegration  and  removal  of  the  original 
shale. 

The  fossils  that  have  been  found  in  the  Mancos  shale  were  obtained 
mainly  near  the  base  (see  list  of  Benton  fossils,  p.  15)  and  from  the 
upper  layers  near  the  base  of  the  next  succeeding  formation.  The 
fossils  from  these  upi)er  layers  are  of  marine  types,  which  were  for- 
merly considered  as  characteristic  of  a  so-called  Fox  Hills  fauna,  and 
the  beds  were  included  by  White  in  his  formation  of  that  name.     The 
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following  is  a  list  of  species  obtained  during  the  work  of  the  last  sea- 
son from  localities  in  and  adjacent  to  Raven  Park : 

Fossils  from  uppef  part  of  Mancos  shale  in  White  River  valley.'^ 


Serpula  sp. 
Ostrea  sp.' 

Syncyclonema  rlglda  H.  and  M. 
Avicula  nebrascana  E.  and  S. 
Inooeramus  sageusis  Owen. 
Inoccramus  cripsi  xjxr,  barabinl  Mor- 
ton. 
Mytllus  subarcuatus  M.  and  H. 
Sphierlola?  cordata  M.  and  H. 
Cardiom  speciosuui  M.  and  H. 
Lucina  sp. 


Jjegumen  sp. 

Leptosolen  sp. 

Anatini^  sp. 

Gonioi^a  amerlcana  M.  and  H. 

Liopistha  undata  M.  and  H. 

Pholadoniya  sp. 

Spfronenia?  sp. 

Odontobasis  sp. 

Cinulia  sp. 

Anisoniyou  sp. 

Baculites  coniprossus  Say. 


The  thickness  of  the  Mancos  shale  is  a  fundamental  consideration 
in  determining  the  depth  to  which  wells  must  be  sunk  in  the  Rangely 
field  in  order  to  reach  the  Dakota  sandstone.  As  a  large  part  of  the 
drilling  has  been  carried  on  with  this  specific  purpose  in  view  the 
question  of  that  thickness  has  received  much  attention  from  the  drill- 
ers. When  prospecting  in  the  field  was  first  started,  White's  esti- 
mates, given  in  the  Ilayden  report,  were  accepted  apparently  without 
question.  White  gave  the  thickness  of  the  "  Colorado  "  formation 
as  2,000  feet  in  the  upper  White  River  valley,  near  Agency  Park,  but 
also  stated  that  it  was  much  thinner  toward  the  west,  in  the  vicinitv 
of  Raven  Park.  The  first  drilling  in  the  Rangely  field,  however, 
showed  that  the  figures  given  in  that  report  were  too  small.  Various 
attempts  were  then  made  to  get  more  accurate  information  on  this 
subject,  but  most  of  them  were  not  very  successful.  For  this  reason 
the  thickness  of  the  formation  is  fullv  discussed  here,  and  the  evi- 
dence  on  which  the  conclusions  are  based  is  given  in  considerable  de- 
tail. 

Tlie  thickness  of  the  Mancos  shale  may  be  determined  from  its  up- 
turned edge  exposed  along  the  southern  foot  of  Blue  Mountain,  where 
these  beds  form  a  long,  low  valley  parallel  to  and  south  of  the  Dakota 
ridge.  Several  estimates  of  this  thickness  have  been  made  in  recent 
years  by  those  interested  in  drilling  through  the  formation  in  the 
Rangely  oil  field.  Most  of  such  estimates  have  been  made  just  east 
of  the  Willow  Creek  locality  at  which  the  detailed  section  of  the 
Dakota  formation  (p.  13)  was  obtained.  Chain  measurements  by 
Mr.  C.  F.  Carney  and  others,  of  Meeker,  are  said  to  have  shown  the 
breadth  of  the  Mancos  Valley  at  this  point  to  be  4,750  feet.  The  cen- 
tral portion  of  the  valley  is  buried  in  alluvium;  consequently  the  only 


■Determinations   by   l>r.   T.    W.    Stanton;    collections    now    in   United   States    National 
MuKcum. 
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dip  measurements  available  on  which  to  base  an  estimate  of  the  true 
thickness  of  the  shale  are  those  shown  in  the'rocky  ridges  along  the 
valley  margins  at  the  north  and  south.  These  dips  on  the  two  sides 
of  the  valley  do  not  accord,  ranging  from  33°  to  about  45*^  on  the 
north',  along  the  Dakota  ridge,  and  increasing  to  angles  of  75°  and 
near  verticality  along  the  southern  margin.  Considerable  uncer- 
tainty remains  in  the  estimates  of  stratigraphic  thicknesses  based  on 
the  data  given  above,  for  if  the  beds  are  nearly  vertical  across  the 
major  portion  of  the  valley,  as  they  are  at  its  southern  margin,  their 
thickness  would  be  from  4,500  to  4,700  feet,  but  if  the  lighter  dips  at 
the  north  continue  across  the  valley  the  thickness  of  strata  repre- 
sented is  only  about  3,000  feet.  It  may  be  concluded  that  the  true 
thickness  is  somewhere  between  these  two  limits.  The  writer  is  in- 
clined to  believe,  however,  that  no  measurement  obtained  in  this 
locality  is  reliable,  and  that  the  apparent  regularity  of  the  structure 
is  misleading.  As  may  be  seen  by  reference  to  the  geologic  map  (PL 
II)  accompanying  this  report,  the  Dakota  hogback  bends  rather  ab- 
ruptly at  the  point  where  AVillow  Creek  emerges  from  it,  about  800 
feet  east  of  the  center  of  sec.  12,  T.  3  X.,  E.  103  W.  A  general 
view  of  the  topography  in  this  vicinity  clearly  reveals  also  a  corre- 
sponding bend  in  the  structure  of  all  the  formations  exposed.  Thus 
the  longitudinal  valley  which  is  eroded  along  the  outcrop  of  the  Man- 
cos  shale  immediately  south  of  and  parallel  to  Blue  Mountain  bends 
abruptly  across  a  zone  which  extends  about  due  south  from  the  site 
of  the  Willow  Creek  section.  At  the^outhern  margin  of  the  valley 
directly  opposite  the  Willow  Creek  section  (NE.  J  SE.  J  sec.  13,  T. 
3  N.,  R.  103  W.)  the  strata  are  irregular  and  apparently  broken  and 
this  disturbance  continues  to  the  northeast  for  at  least  a  quarter  of  a 
mile,  the  valley  narrowing  markedly  in  that  direction.  It  is  in  this 
constricted  portion  of  the  valley  that  most  of  the  measurements  of 
the  thickness  of  the  Mancos  shale  have  been  made.  The  disturbance 
in  this  area  is  thought  to  have  been  produced  by  shearing  movements 
within  the  mass  of  the  shale,  rather  than  by  clearly  defined  faults. 
The  irregular  structure  is  evidently  related  to  the  narrowing  or  par- 
tial discontinuity  of  the  Red  Wash  syncline,  which  extends  eastward, 
broadening  and  deepening  from  this  point,  as  is  explained  in  the  sec- 
tion on  structure. 

There  are  many  places  in  the  valley  south  of  Blue  Mountain  where 
it  seems  fair  to  assume  a  uniform  dip  clear  across  the  valley,  but  in 
most  of  these  localities  the  greater  part  of  each  section  is  concealed  be- 
neath the  vallev  wash.  Calculations  made  from  measurements  at 
several  such  points  indicate  a  minimum  thickness  of  about  5,000  feet 
for  the  Mancos  shale. 

An  estimate  of  the  thickness  of  the  Mancos  shale  can  doubtless 
be  obtained  from  well  records,  if  the  wells  ever  reach  the  Dakota  in 
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localities  where  an  estimate  of  that  part  of  the  shale  which  has  been 
eroded  from  the  well  site  can  also  be  obtained.  The  Union  well  in 
Raven  Park,  described  on  page  42,  has  been  smik  to  a  depth  of  3,655 
feet  in  lightly  dipping  strata,  so  that  this  figure  very  closely  approxi- 
mates the  true  thickness  of  the  beds  passed  through.  About  1,200 
feet  of  strata  have  been  eroded  from  the  site  on  which  the  well  is  lo»- 
cated,  this  estimate  being  based  on  the  same  data  which  were  used  in 
constructing  the  cross  section  (PL  III,  section  C-D)  that  passes 
through  and  includes  the  Union  well.  There  is  some  evidence  that 
the  bottom  of  this  well  is  about  300  feet  above  the  Dakota  sandstone. 
The  total  thickness  thus  obtained  is  slightly  greater  than  5,000  feet 
when  corrected  for  the  light  dip  of  the  strata,  and  this  agrees  very 
closely  with  the  estimates  made  at  the  more  favorable  localities  along 
Blue  Mountain. 

MBSAVBRDB  FORMATION. 

The  uppermost  and  youngest  strata  of  the  Upper  Cretaceous  sec- 
tion in  the  Rangely  district,  as  well  as  in  the  whole  of  the  Grand 
River  basin,  are  equivalent  in  age  to  the  Mesaverde  formation  as 
mapped  in  the  Yampa  coal  field.*  These  beds  succeed  and  overlie  the 
Mancos  shale,  from  which  they  are  distinguished  chiefly  by  their  gen- 
erally more  sandy  character  and  the  prominence  of  the  massive  sand- 
stone ledges.  As  a  whole  this  formation  is  composed  of  massive 
sandstones,  interbedded  with  sandy  shales  and  many  beds  of  coal  and 
carbonaceous  shale.  Of  these  rocks  the  sandstones  are  most  con- 
spicuous by  reason  of  their  greater  resistance  to  erosion  than  that 
offered  by  the  softer  beds.  The  formation  is  thus  typically  repre- 
sented by  a  more  or  less  rugged  country,  characterized  by  escarpment 
ledges  and  cliffs.  The  ma&sive  sandstones  arc  commonly  of  medium 
or  rather  coarse  grained  texture,  locally  showing  some  cross-bedding, 
although  this  is  not  a  distinguishing  feature.  In  many  places  they 
weather  near  the  surface  to  a  variety  of  shades,  usually  of  reddish 
or  yellowish  color,  which  is  probably  the  result  of  the  oxidation  of 
some  iron  constituents.  Wliere  these  beds  are  exposed  in  mines  or  in 
freshly  cut  rock  faces,  they  are  commonly  of  clear  white  sand,  firmly 
cemented  when  fresh,  but  they  crumble  and  soften  readily  with  ex- 
posure to  the  weather.  Much  of  the  cementing  material  in  the  sand- 
stone is  probably  of  calcareous  or  alkaline  nature,  as  calcareous,  mag- 
nesian,  and  ferruginous  salts  are  almost  invariably  found  in  the 
waters  that  leach  from  these  beds.  Such  salts  commonly  occur  as 
efflorescent  deposits  in  natural  cavities  in  the  massive  sandstone,  or 
under  projecting  ledges  where  sheltered  from  the  solvent  action  of 
rain  and  snow  water. 


•  tVnneman,  N.  M.,  and  Gale,  11.  S..  The  Yampa  coal  field,  Routt  Coiinfy,  Colo. :  Bull. 
U.  S.  Geol.  Survey  No.  297,  1906,  pp.  22-28. 
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fn  ^T)f»ral  thf*  shales  differ  from  those  which  constitute  the  main 
\tft(ly  of  the  Mancos,  being  usually  of  lighter  color  as  well  as  more 
yandy.  They  nhow  much  variation  in  constitution,  ranging  from  com- 
fpfirf.  clay  jthale  somewhat  resembling  the  typical  Mancos  rock  to 
untidy  shale  and  from  this  to  thin-bedded  and  flaggy  sandstone.  The 
f'fml  fjediH  constitute  one  of  the  most  important  economic  resources  of 
iiw  region.  Tlie  coals  are  bituminous  and  of  a  good  grade,  being 
><frriilar  to  those*  of  the  Danforth  Hills  field,  such  as  the  coals  near 
M^'i'kfT,  Am  they  are  elsewhere  <»  described  in  considerable  detail, 
flirt hiT  disi'UHMion  of  them  is  omitted  here. 

Am  shown  on  the  geologic  map  forming  PI.  II  (pocket),  the  lower 
imri  of  the  Mesaverde  is  distinguished  as  a  separate  member  by  a 
distifKi  |>atterii,  the  top  boimdarj'  representing  the  base  of  the  prin- 
n\m\  fcroufis  of  workable  coals.  Within  a  small  area  such  as  the 
Hfinfcely  district  certain  parts  of  the  Mesaverde  formation  are  suffi- 
ciently continuous  and  characteristic  to  be  distinguished  and  traced 
throughout  the  field,  although  they  vary  greatly  in  actual  detail 
within  very  short  distances.  Perhaps  the  most  conspicuously  con- 
Mtiint  nieinlHM'  of  the  whole  formation  as  viewed  from  Raven  Park 
iw  the  irreguhirly  oval  escarpment  surrounding  the  valley.  This 
escfirpnient  is  coniposiHl  of  the  lowest  sandstone  member  of  the 
forniiition,  and  is  l(M*ally  known  as  the  ""  rim  rock/'  The  view  given 
in  PI.  IV,  .1,  illustrates  a  chanicteristic  portion  of  this  member,  and 
shows  the  underlying  hlutF  of  Mancos  shale,  capped  and  preserved  by 
(he  hard  sandstone  leilge.  The  sandstone,  or  "rim  rock''  itself,  is 
a  IhmI  ran^in^  in  giMienil  frt>m  20  to  50  feet  in  thickness.  Above  this 
is  a  nuiss  of  characteristic  siuidy  shale,  500  to  GOO  feet  thick.  These 
shah^s  nn\  in  pMieral,  easily  ennled,  leaving  the  outer  edge  and  in 
nuiny  places  a  considerable  |K>rtion  of  the  back  slojx»  of  the  ""rim 
HH'k  **  baiv,  Heyonil  the  gi^ntle  back  Aop^  of  the  **  rim  rock''  (as 
evpit^-^MHl  in  the  iH>ntouring  on  the  topographic  map)  a  second 
characleriNlic  escarpment  risi»s  aU>ve  the  first,  capj)ed  likewise  by  a 
fjnMip  of  clitT  fiuniin^  <andvStoue  IkhIs.  Of  the:?e  the  lowest  is  most 
iHUunionlv  of  a  ru>ty  bn>wn  i-olor,  ivsembling  the  weathered  ledge 
of  the  **  i'iu\  nnk  ''  U»low,  and  the  thirvl  and  fourth  as  commonly 
sliow  a  I'lear  white  asjHvt,  in  niarkeil  i.'ontnist  to  the  group  of  darker 
UhI^*s  U*K>w,  a  I  aUuit  the  horizon  of  the  third  sandstone  above  the 
Uisi^  a  ihiu  UhI  of  coal  or  dark  curlKniacei>us  shale  is  present  at  many 
plavvs^  rhiN  sivtion  is  -»i*»niticant  for  purj)Ot:es  of  correlation  bv 
wmi>Hri>AUv  with  the  strikingly  similar  section  near  the  base  of  the 
sau\o  iHiri  v>f  I  ho  fvHiualiou  in  Agency  Park,  north  of  Meeker,  and 
hIs^>  at  mauY  UvalilieN  along  the  U^rvlers  of  Axial  Basin.     AlH>ve  this 


4  l«^k^r^.^H  rv|H.»n   v'»   «»i\v.^j  fxt«»««»ji   ••:   o.ml   tielii!^  In   a".'ctliw«?*t«*rtt  Ct.»Iorai*lu  aoJ  north- 
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pecond  group  of  sandstones  the  members  become  less  distinct  as  indi- 
viduals, but  merge  into  a  prominent  series  of  cliff- forming  sandstones, 
continuing  as  such  up  to  the  horizon  of  the  principal  coal  group 
already  mentioned.  Into  these  massive  sandstones  the  steep  rocky 
gorges  and  canyons  of  many  intersecting  streams  are  cut.  This  lower 
part  of  the  formation  is  relatively  barren  of  coal,  but  is  prominent  as 
a  ridge  maker.  Its  total  thickness  ranges  from  1,000  to  1,500  feet. 
The  measurements  from  which  the  larger  estimate  is  obtained  were 
made  in  Chase  Gulch,  northeast  of  Rangely. 

The  upper  part  of  the  Mesaverde  formation  is  also  distinguished 
as  a  separate  member  on  the  geologic  map,  the  line  •which  marks  the 
lower  limit  of  the  principal  group  of  w^orkable  coals  representing  its 
base.  These  upper  strata  resemble  very  closely  the  underlying  beds, 
except  that  the  predominance  of  the  massive  and  resistant  sandstone 
members  is  not  so  pronounced  and  the  resulting  topography  is  conse- 
quently not  so  rugged.  One  of  the  most  readily  distinguished  hori- 
zons in  the  Mesaverde  is  the  bottom  of  the  principal  workable  coals. 
This  general  horizon  has  been  traced  continuously  for  at  least  200 
miles  along  the  outcrop  and,  as  already  mentioned,  is  show^n  by  a  line 
on  PI.  II.  It  is  marked  by  a  conspicuous  white  sandstone  bed  which 
is  commonly  one  of  the  most  massive  members  of  the  whole  forma- 
tion. In  a  large  part  of  the  Danforth  Hills  this  l)ed  is  a  very  promi- 
nent white  ledge.  From  its  characteristic  ai)pearance  it  has  come 
to  be  known  in  the  vicinity  of  Axial  post-office  as  the  "  w  hite  rock." 
As  this  member  is  traced  west  of  that  field  it  disappears  and  reap- 
pears intermittently,  so  that  its  position  is  locally  a  matter  of  some 
conjecture,  even  in  a  well-exposed  section.  Here,  as  in  the  Danforth 
Hills,  wherever  it  can  be  recognized  it  furnishes  a  key  rock  by  whicli 
to  identify  the  more  valuable  coal  beds  that  lie  above  it. 

Above  the  "  white  rock  "  the  sandstones  and  shales  alternate  in  a 
variable  succession,  showing  almost  everywhere  some  signs  of  the  coal 
beds  that  they  include.  The  coals  themselves  are  in  many  places 
made  conspicuous  by  the  burning  which  has  taken  place  along  their 
outcrops,  baking  the  inclosing  strata  to  brilliant  shades  of  red  and 
yellow  and  hardening  the  clay  and  shale  to  a  flinty  texture.  Less 
commonly  the  coal  beds  are  found  in  natural  outcrop  or  show  as  black 
streaks  along  the  hillside.  By  reason  of  the  weaker  character  of 
this  carbonaceous  material  it  is  usually  broken  down  and  concealed 
by  the  debris  of  the  harder  adjacent  strata.  From  the  "  white  rock  " 
to  the  top  of  the  formation,  coals  occur  at  irregular  intervals,  the 
principal  beds  being  almost  invariably  concentrated  near  the  base, 
or  not  far  above  the  "  white  rock." 

A  number  of  carefully  measured  sections  of  the  Mesaverde  forma- 
tion, taken  along  the  Grand  Hogback  east  of  the  Kangely  district, 
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have  already  been  published  in  a  description  of  the  upper  White 
River  coal  fields.*  In  that  region  the  formation  attains  a  thickness 
of  somewhat  over  5,000  feet,  or  approximately  1  mile.  Opportunities 
for  measurement  near  Raven  Park  are  not  so  favorable,  but  the  thick- 
ness of  the  Mesaverde  here  appears  to  be  not  more  than  half  that 
which  prevails  in  the  Grand  Hogback  and  Danforth  Hills.  The 
principal  difficulty  in  obtaining  a  satisfactory  measurement  in  the 
lower  White  River  territory  lies  in  the  uncertainty  regarding  the 
upper  limit  of  the  formation.  It  is  possible  that  during  Mesaverde 
time  a  smaller  amount  of  sediment  was  deposited  in  the  Raven  Park 
region  than  in  the  Danforth  Hills  and  farther  south.  On  the  other 
hand,  the  greater  thickness  of  the  formation  in  the  eastern  part  of  the 
basin  is  probably  to  be  explained  by  the  assumption  that  most  of  the 
beds  originally  deposited  there  still  remain,  whereas  in  the  western 
part  a  large  amount  had  probably  been  eroded  from  the  upper  por- 
tion of  the  formation  before  the  next  succeeding  strata  were  laid 
down.  This  explanation  is  more  probable,  because  the  section  of  the 
Mesaverde  formation  near  Raven  Park  corresponds  in  grouping  as 
well  as  in  thicknesses  to  the  lower  part  of  the  thicker  section  farther 
ea?t.  It  may  be  noted  from  a  study  of  the  sections  of  the  Mesaverde 
near  the  Grand  Hogback  and  in  the  Danforth  Hill.<  that  the  principal 
group  of  workable  coal  beds  is  in  the  lower  part  of  that  formation, 
immediately  overlying  a  relatively  barren  zone  of  1,000  feet  or  more. 
This  coal-bearing  group  is  in  turn  overlain  by  a  considerable  thick- 
ness of  strata  containing  scattered  coal  beds  or  carbonaceous  streaks, 
some  of  which  are  of  workable  thickness.  Additional  evidence  of 
the  removal  by  erosion  of  the  upper  beds  in  the  western  part  of  the 
field  is  found  in  the  fact  that  as  these  rocks  are  traced  northwestward 
into  Utah  they  apparently  show  progressively  deeper  erosion,  with- 
out any  notable  change  in  the  character  or  grouping  of  the  basal 
members.  Tlie  Mesaverde  formation  may  be  followed  continuously 
to  and  beyond  Green  River,  where  its  outcrop  crosses  that  stream  just 
below  the  mouth  of  Ashley  Creek  in  Utah.  At  this  place  all  of  tlie 
workable  coal  group  is  wanting  except  one  or  two  coal  beds,  and 
these  occur  at  the  top  of  the  section,  which  is  roughly  estimated  as 
not  more  than  1,500  feet  in  thickness. 

Not  only  has  a  great  amount  of  the  Mesaverde  formation  been 
eroded  from  the  western  part  of  the  White  River  region,  but  other 
and  higher  Cretaceous  formations  have  probably  also  been  removed 
from  that  entire  basin,  as  they  are  present  in  adjacent  fields  to  the 
north  and  east.  In  the  Yampa  coal  field  the  Lewis  shale  and  the 
Laramie  formation  overlie  the  Mesaverde,  separating  that  formation 


•  Coal   fields  of   the   Danforth   Hills  and   Grand    Hogback   In   northwestern   Colorado ; 
Bull.  U.  8.  Geol.  Survey  No.  310,  1907,  p.  260. 
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from  the  succeeding  Tertiary  sediments,  which  are  similar  to  those 
that  rest  directly  upon  the  MesaVerde  in  the  Rangely  field.  It  is 
therefore  presumed  either  that  beds  corresponding  to  those  now 
found  in  the  Yampa  field  had  been  eroded  from  the  Rangely  dis- 
trict and  vicinity  before  the  deposition  of  the  Tertiary  beds  began, 
or  that  the  uppermost  Cretaceous  beds  were  never  deposited  in  the 
Rangely  district.  In  the  latter  case,  the  time  during  which  tliese 
later  beds  were  being  laid  down  in  other  regions  was  marked  by  dry- 
land conditions  in  this  district. 

The  stratigraphic  horizon  marking  the  disappearance  of  beds 
which  are  thought  to  have  once  been  deposited  and  later  eroded  be- 
fore succeeding  deposits  were  laid  down  represents  an  interval  in 
the  geologic  history  of  the  earth  probably  as  important  as  the  time 
represented  by  many  of  the  formations  that  still  remain  and  may 
be  studied  at  the  present  day.  The  causes  that  brought  about  first 
the  deposition  of  certain  beds  and  later  the  removal  of  the  same  ma- 
terial by  erosion  indicate  changes  in  the  earth's  crust  similar  or  re- 
lated to  the  earth  movements  that  produced  the  mountain  ranges. 
Although  the  record  of  those  events,  to  bo  interpreted  from  a  study 
of  the  strata,  may  liave  been  wholly  or  in  part  obliterated  at  certain 
localities,  many  of  the  missing  clues  may  be  obtained  from  other 
places.  The  horizon  of  a  former  land  surface  that  was  uplifte(l  and 
subjected  to  erosion  and  subsequently  submerged  and  subjected  to 
renewed  sedimentation  is  known  as  an  erosional  unconformity. 

The  tilted  rocks  exposed  in  the  ridge  north  of  and  approximately 
parallel  to  White  River  between  the  mouths  of  Wolf  and  Red  Wash 
creeks  offer  what  is  perhaps  the  best  opportunity  for  measurements 
of  the  Mesaverde  formation  near  the  field.  An  estimate  based  on  a 
measured  line  just  east  of  Red  Wash  Creek  (between  sees.  1»3  and  18, 
24  and  19,  along  the  township  line  separating  T.  3  X.,  R.  101  W., 
and  T.  3  N.,  R.  100  W.)  gives  a  total  of  <mly  2,500  feet.  The  upper 
limit  of  the  section  is  defined  by  an  exposure  of  the  varicolored  marl 
characteristic  of  the  overlying  Tertiary  just  east  of  this  line,  along 
the  axis  of  the  Red  Wash  syncline.  Some  fossils  found  immediately 
along  the  line  of  this  cross  section  (100  paces  southeast  of  the  north- 
east corner  of  sec.  30,  T.  3  N.,  R.  101  W.,  in  a  conglomerate  ledge) 
also  serve  to  indicate  that  the  top  of  the  formation  hnd  been  reached 
and  that  as  complete  a  section  of  the  Mesaverde  as  now  remains  in 
this  part  of  the  field  occurs  at  this  place.  These  fossils  c(msist  of 
internal  casts  of  a  species  of  Vnio  and  some  indeterminable  frag- 
ments of  leaves.  Doctor  Stanton  considers  the  Vnio  to  be  of  an  age 
later  than  the  Mesaverde,  possibly  belonging  to  Fort  Union  or  re- 
lated time.  He  is  also  of  the  opinicm  that  it  is  older  than  species 
previously  known  to  have  come  from  the  Wasatch  formation.     Xo 
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intermediate  formation  has  been  recognized  in  the  Rangely  field  and 
these  rocks  are  therefore  included  with  the  Wasatch  formation. 

The  canyon  of  White  River  below  Raven  Park  would  seem  at  first 
sight  to  present  a  most  excellent  opportunity  for  obtaining  a  meas- 
urement of  the  thickness  of  the  Mesaverde  formation.  Two  factors, 
however,  interfere  with  such  a  measurement  at  this  locality.  The 
first,  which  will  be  described  in  a  subsequent  paragraph,  is  the  prob- 
able existence  of  a  fault  near  the  mouth  of  the  canyon,  and  the  second 
is  a  sharp  divergence  of  dips  and  strikes  along  the  river  banks,  caused 
by  irregularity  in  geologic  structure. 

As  has  been  explained,  the  precise  determination  of  the  upper  limit 
of  the  Mesaverde  is  an  especially  perplexing  problem  in  and  about 
Raven  Park.  Near  Meeker  and  along  the  Grand  Hogback  between 
AVhite  River  and  Grand  River  a  bed  of  coarse  bowlder  and  pebble 
conglomerate  or  "  pudding  stone  "  with  a  coarse  white-sand  matrix 
marks  the  boundarv  between  characteristic  Mesaverde  beds  below 
and  the  variegated  marl  and  sandstone  of  the  overlying  Tertiary. 
In  the  Rangely  district,  however,  no  such  clearly  defined  stratum  was 
discovered,  although  some  beds  of  conglomerate  not  closely  resembling 
the  Grand  Hogback  bed  were  found.  These  l)eds  appear  to  be  at  or 
near  the  top  of  the  Mesaverde  formation,  but  in  many  places  they 
could  not  be  discovered  and  the  sandstones  of  the  Mesaverde  could 
not  be  distinguished  from  those  of  the  overlying  beds.  Consequently 
the  exact  Upper  limit  of  the  formation  could  not  in  all  places  be 
determined.  In  some  parts  of  the  Rangely  district  the  variegated 
colors  of  the  overlying  Tertiary  beds  are  less  conspicuous,  although 
they  are  generally  recognizable  and  serve  as  almost  the  only  distin- 
guishing mark  of  the  transition  to  Tertiary  strata.  The  occurrence 
at  this  horizon  of  some  species  of  unios  and  one  or  more  gasteropods, 
including  one  which  is  probably  a  GoniohasiH^  was  not  considered 
determinative,  but  is  thought  to  indicate  the  Tertiary  age  of  the  beds 
including  them  and  is  considered  as  a  useful  clue  in  the  mapping  of 
the  Cretaceous-Tertiar}'  boundary  at  the  top  of  the  Mesaverde. 

Fossils  have  been  found  in  all  parts  of  the  Mesaverde  formation. 
These  indicate  that  the  basal  beds  are  mostly  of  marine  origin,  up  to 
and  probably  including  the  "  white  rock.-'  This  basal  portion  of  the 
formation  is  distinguished  as  a  separate  member  on  the  geologic  map 
(PI.  II).  Above  the  "  white  rock  "  fresh-  and  brackish-water  inver- 
tebrates and  plants  indicate  a  change  in  the  body  of  water  in  which 
these  beds  were  formed.  The  fresh-  or  brackish-water  conditions  were 
not  permanent,  however,  and  gave  way  to  true  marine  conditions 
when  the  beds  near  the  top  of  the  formation  were  deposited.  Fresh- 
water fossils  are  also  found  in  the  lower  predominatingly  marine  bods. 
The  following  is  a  list  of  the  fossils  collected  from  the  Mesaverde 
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formation  in  this  field  or  along  the  drainage  basins  of  White  and 
Yampa  rivers: 

Fossils  obtained  from  Mesavrrde  formation  in  White  River  districts. 

INVERTEimATES.<» 


Ostrea  subtrigonalis  E.  and  S. 
Ostrea  glabra  var.  arciiatilfs  Meek. 
Anomia  micronema  Meek. 
Modiola    laticostata    (White).    <• 
Iiioceramus  sagensis  Owen. 
Inoceramus  crlpsl  var.  barabini  Mor- 
ton. 
Inoceramus  erectus  Meek. 
I^nio  sp.  cf.  U.  bracbyopl stilus  Whito. 
I'nio  cf.  danffi  M.  and  H. 
Corbicula  cytberiformls  M.  and  II. 


Corbicula  occidentalls  M.  and  II. 

Cardluni  speciosnm  M.  and  II. 

I^guinen  sp. 

Douax?  sp. 

Mactra  formosa  M.  and  H. 

Corbula  undifera  Meek. 

Vivipanis  sp. 

Tulotoma  thonipsonl  AVhite. 

Camiieloma  ?  sp. 

(toniobasis?  sp. 

Haculites  conipressns  Say. 


PLANTS.* 


Halymenltes. 

Ounninghamlteselegans?  (Oorda)  Endl. 

FIcus  si)ecio8sissima  AVard. 

Ficns  squarrosa?  Knowlton. 

Fiens  sp.? 

Ficus  planioostata  I^sq. 

Sapindus  sp. 

Sequoia  Reiclienbacbi  (Geln.)  Ileor. 


Dammara  cf.  D.  aciculaHs  Knowlton. 
Corylus    cf.    C.    Macquarril    (Forbes) 

Heer. 
Magnolia  tenulnervis  I^esq. 
Zizypbus  sj).? 
CVIastrus  sp. 
riatanus  sp. 
(lOinitzia  sp. 


TERTIARY  FORMATIONS. 

Between  the  top  of  the  Mesaverde  formation  and  the  base  of  the 
overlying  Tertiary  strata  an  unconformity  exists  in  the  Ilangely  dis- 
trict, as  has  already  been  stated.  AIucli  difficulty  has  been  experienced 
in  determining  precisely  the  horizon  at  which  this  unconformity 
occurs,  as  no  change  in  the  l3edding  of  tlie  strata  has  been  noted. 
Definition  of  the  top  of  the  Mesaverde  as  well  as  the  base  of  the 
Tertiary  depends  on  this  feature.  Both  formations  contain  alter- 
nating beds  of  massive  sandstone  and  sandy  shale  which  are  so  similar 
that  in  many  places  they  can  not  be  distinguished  one  from  another. 
The  chief  characteristics  of  the  lower  Tertiary  beds  are  the  clays  or 
marls  of  brilliant  and  variegated  colors,  which  constitute  in  some 
places  a  mass  2,000  feet  to  possibly  4,000  feet  in  tliickness.  The  varie- 
gated strata  are  supposed  to  be  of  Wasatch  age  and  were  so  mapped  in 
the  Hayden  reports.  Fossils  obtained  from  the  basal  part  of  this  for- 
mation have  been  identified  as  characteristic  of  the  Fort  Union  fonna- 
tion.  The  Wasatch  is  quite  distinct  as  a  lithologic  unit  along  the 
western  flank  of  the  Grand  Hogback  and  tlie  Danforth  Hills,  where 


•  Dftormiiird  by  T.  W.  Slnntou. 


*»  Dolonniui'd  Uy  F.  H.  Knowlton. 
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it  attains  a  thickness  of  at  least  4,000  feet.  In  the  vicinity  of  Raven 
Park,  however,  these  colored  clays  are  much  less  conspicuous.  Below 
the  Cathedral  Bluffs  red  patches  are  exposed  only  here  and  there,  and 
the  massive  white  sandstones  very  closely  resemble  those  of  the 
Mesaverde  formation  below. 

Overlying  the  Wasatch  or  lowest  Tertiary  formation  is  a  second 
mass  of  shale  and  sandstone  without  the  variegated  colors.  These 
rocks  have  been  named  Green  River  group  in  the  earlier  geologic 
work.  They  are  characteristically  exposed  in  escarpments  of  consid- 
erable elevation,  among  the  best  examples  being  those  of  the  Book 
Cliffs  and  Cathedral  Bluffs,  south  of  Raven  Park.  These  steep  scarps 
stand  at  elevations  of  1,500  to  2,000  feet  above  the  neighboring  valleys, 
and  are  almost  everywhere  characterized  by  the  chalkj^-white  ap- 
pearance of  the  weathered  cliffs  as  seen  at  a  distance.  The  Green 
River  formation  usually  lies  nearly  horizontal  or  with  a  very  light 
dip,  and  in  most  places  it  forms  a  high  mesa  or  plateau  surface, 
occupying  the  undisturbed  interiors  of  the  great  structural  basins. 

In  detail  the  Green  River  formation  is  composed  of  sandstones 
and  thin-bedded  slaty  shales,  with  layers  of  limestone  and  calcareous 
shale.  Many  beds  of  oolitic  or  pisolitic  limestone  occur,  and  at 
some  localities  they  form  the  major  part  of  the  harder  beds  which 
the  formation  contains.  In  many  places  the  thin-bedded  shale- is 
of  dark  or  brownish  color  when  freshly  exposed,  in  marked  contrast 
to  the  almost  universal  whitish  aspect  of  nearly  all  these  beds  on 
their  weathered  edges.  The  characteristic  occurrence  of  most  of 
these  Tertiary  beds  in  areas  of  slight  structural  disturbance  and 
their  consequent  horizontal  position  are  discussed  in  tlie  section  on 
structure  (p.  34). 

MODIFICATION  OF  FORMER  CRETACEOUS  CLASSIFICATIONS  IN  THE 

PRESENT  PAPER. 

All  the  names  of  Cretaceous  formations  used  in  the  reports  of  the 
Ilayden,  King,  and  Powell  surveys,  with  the  single  exception 
of  Dakota  sandstone,  have  been  superseded  by  other  names  in  the 
foregoing  descriptions.  The  relations  of  this  recently  adopted 
nomenclature  to  the  old  classifications  and  also  the  relations  of 
those  formations  to  each  other  are  indicated  in  the  accompanying 
table  of  correlations.  The  classification  of  the  Cretaceous  strata 
above  the  Dakota  as  Laramie,  I^ewis,  Mesaverde,  and  Mancos  here 
replaces  altogether  the  older  grouping  of  Laramie,  Fox  Hills,  and 
Colorado  as  used  by  the  King  and  Hayden  surveys  for  this  general 
region.  Although  the  term  Laramie  is  retained  in  the  present  classi- 
fication as  the  name  of  the  uppermost  of  the  formations  of  Creta- 
ceous age  as  they  are  now  recognized,  this  term  is  no  longer  accepted 
as  it  was  formerly  applied  by  any  of  the  early  investigators  in  this 
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particular  field — a  point  that  is  discussed  in  detail  farther  on  (see 
pp.  27-32).  This  more  recently  adopted  nomenclature  has  already 
been  introduced  into  the  literature  of  northwestern  Colorado  geol- 
ogy.** Still  more  recent  stratigi'aphic  studies  have  confirmed  the 
tentative  conclusions  of  the  Yampa  coal  report,  relating  to  the  neces- 
sity for  a  revised  nomenclature,  and  also  the  expediency  of  the  names 
there  adopted  for  the  northwestern  Colorado  region. 

Although  the  classifications  and  conclusions  of  the  early  geologic 
writers  on  this  field  have  gained  wide  recognition  and  become  very 
firmly  established  in  a  popular  as  well  as  more  technical  way,  there 
is  ample  justification  and  indeed  urgent  necessity  for  abandoning  en- 
tirely this  older  terminology  and  revising  the  basis  of  its  strati- 
graphic  grouping.  This  revision,  as  adopted  here,  is  intended  to  ac- 
complish three  specific  aims.  These  are,  first,  to  do  away  with  the 
uncertainty  that  prevails  with  regard  to  the  precise  definitions  and 
limits  assigned  to  certain  terms  by  the  various  authors  in  the  older 
work,  the  dilffering  significance  attached  to  the  geologic  term  Colo- 
rado being  the  principal  instance ;  second,  to  establish  a  stratigraphic 
and  lithologic  basis  of  separation  of  the  formations  instead  of  the 
previously  adopted  paleontologic  basis,  which  depended  on  distiijg- 
tions  that  are  always  difficult  and  locally  impossible  to  recognize; 
third,  to  call  attention  to  and  correct  an  old  and  now  widespread 
misinterpretation  of  the  age  of  the  beds  formerly  called  "  Laramie  " 
in  this  field — ft  group  of  strata  that  should  never  have  been  included 
in  the  formations  to  which  that  name  was  applied,  even  according  to 
the  original  somewhat  uncertain  definition  of  the  term.  These  points 
are  considered  in  more  detail  as  follows: 

First.  The  use  of  the  same  geologic  formation  name  with  varying 
significance  is  found  in  the  application  made  of  the  term  Colorado 
by  the  King  and  Ilayden  surveys.  This  disagreement  is  indicated 
in  the  correlation  table  (p.  27).  In  the  reports  of  the  Fortieth 
Parallel  Survey  the  term  Colorado  is  defined  so  as  to  include  a  con- 
siderably wider  stratigraphic  range  than  as  it  was  later  used  by 
White  in  his  work  with  the  Ilayden  Survey.  The  reasons  for  this 
confusion  are  largely  paleontologic,  as  stated  by  White  in  his  report.^ 
He  says : 

While  adopting  the  name  **  Colorado  group  "  of  Mr.  King,  I,  for  paleontolog- 
ical  reasons  chiefly,  so  restrict  its  application  as  to  include  only  what  I  under- 
stand to  be  equivalent  with  Nos.  2  and  3  of  Meelc  and  Ilayden's  original  section, 
leaving  tlie  tKiuivalent  of  No.  4  to  be  included  with  the  strata  of  the  Fox  Ilills 
group,  instead  of  with  the  Colorado  group,  as  Mr.  King  has  done. 

The  restriction  of  the  Colorado  was  not  successfully  applied  in  the 
mapping  of  the  Rangely  district,  where  this  subdivision  could  not  be 

«The  Yarapii  coal  field,  Routt  County,  Colo. :  Bull.  I'.  S.  Oeol.  Survoy  No.  207,  11)07. 
/>  Tenth  Ann.  Ropt.  U.  S.  Oeol.  and  Geog.  Survey  Terr.,  1878,  pp.  20-21,  30. 
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traced  on  a  lithologic  basis.  Wliite's  usage  of  the  term  has,  however, 
been  generally  and  consistently  followed  in  other  fields  for  thirty 
years  and  it  is  still  of  great  value  as  a  correlation  term.  As  Stanton 
states,  the  group  is  a  natural  division  from  a  lithologic  as  well  as  a 
paleontologic  standpoint  east  of  the  Rocky  Mountains,  where  the 
calcareous  Niobrara  separates  the  two  dark  shales,  Benton  below  and 
Pierre  above. 

Second.  The  necessity  for  the  use  of  stratigraphic  and  lithologic 
distinctions  as  the  primary  basis  in  geologic  mapping  is  well  brought 
out  by  the  difficulties  that  have  been  encouikered  in  Raven  Park  and 
adjoining  districts.  White  himself  admits  «  that  "  all  the  groups  of 
strata  that  are  referred  to  the  Cretaceous  period  in  this  report  are, 
within  this  district,  not  only  strictly  conformable  with  each  other  as 
regards  their  stratification,  but  I  have  never  been  able  to  fix  upon  a 
plane  of  demarkation  between  any  of  them  with  entire  precision." 
WMte's  grouping  of  the  strata  was  made  on  a  purely  paleontologic 
basis,  a  policy  which  he  considered  imperatively  necessary  ^  for  the 
purpose  of  establishing  at  once  wide-range  correlations  over  extensive 
areas.  Thus  the  division  planes  which  he  adopted  depended  entirely 
on  scattering  and  to  a  large  extent  inadequate  fossil  evidence  and  not 
on  recognizable  changes  in  the  rock  strata  themselves.  His  planes  of 
demarkation  w^ere  thus  impossible  of  precise  definition  and  could 
never  or  very  rarely  be  identified  exactly  in  the  field.  The  geologic 
boundaries  he  has  show  n  on  his  maps  are  therefore  scarcely  more  than 
mere  estimates  or  are  purely  arbitrary  lines  which  had  to  be  assumed 
in  the  absence  of  the  criteria  necessary  to  establish  any  actual  subdi- 
vision. Even  if  sufficient  fossil  evidence  were  everyw^iere  at  hand  to 
make  such  a  division  it  is  extremely  doubtful  if  it  w^ould  serve  the 
most  useful  purposes,  as  no  one  without  paleontologic  training  could 
appreciate  its  value  when  drawn. 

Although  it  now  appears  to  be  more  practical  to  map  geologic 
formations  in  any  particular  field  largely  on  the  basis  of  lithologic 
distinctions — that  is,  changes  in  the  character  of  the  rock  strata 
themselves — no  one  will  question  the  necessity  of  paleontologic  evi- 
dence in  determining  the  position  of  these  rocks  in  the  geologic  time 
scale  and  their  correlation  across  the  larger  areas  or  in  discontinuous 
fields.  The  errors  introduced  by  some  of  the  older  surveys  as  a  re- 
sult of  attempted  correlation  on  the  basis  of  lithologib  similarity 
of  rock  formations  occurring  in  discontinuous  areas  have  been  as 
many  and  as  serious  as  those  resulting  from  the  use  of  paleontologic 
criteria.  The  argument  of  the  present  work  is  that  the  more  practi- 
cal method  of  subdivision  should  be  applied  to  any  specific  strati- 
graphic  section.     For  any  one  field  or  basin  marked  changes  in  the 

•  Op.  cit.,  p.  20.  »  Op.  cit.,  p.  30,  line  ao. 
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constitution  of  the  rock  strata  themselves  furnish  as  important  evi- 
dence of  changes  in  geography  and  in  conditions  of  sedimentation 
during  past  geologic  time  as  do  the  fragmentary  records  of  antmul 
life  that  now  happen  to  be  preserved. 

A  part  of  the  confusion  in  the  early  geologic  mapping  based  on 
paleontologic  distinctions  was  probably  due  to  the  failure  at  that 
time  to  understand  the  significance  of  the  so-called  Fox  Hills  fauna. 
It  is  likely  that  the  use  of  the  term  Fox  Hills  to  define  any  particular 
formation  representing  a  sjwcific  time  interval  in  the  Cretaceous 
history  of  the  Kocky  MoMntain  region  will  now  l>e  abandoned.  This 
conclusion  has  lxH»n  reached  by  Stanton  and  others  after  an  extensive 
study  of  western  Cretaceous  stratigraphy,  and  so  far  as  known  to  the 
author  is  not  now  disputed  by  anyone  familiar  with  these  problems. 
As  stated  bv  Stanton,"  "  Faunas  similar  to  that  of  the  Fox  Hills 
sandstone  have  a  gi*eat  vertical  range  and  are  likely  to  bo  found  at 
any  horizon  within  the  Montana  group  where  a  littoral  or  shallow- 
water  facies  is  developed.  The  use  of  the  term  Fox  Hills  as  a  forma- 
tion or  horizon  name  outside  of  the  original  area  in  South  Dakota 
is  therefore  of  doubtful  propriety,  as  experience  has  shown.^ 

In  most  of  the  fields  west  of  the  Rocky  Mountains  or  the  Great 
Plains  the  term  Pierre  has  also  led  to  some  confusion.  Sections  in 
central  and  northern  Montana  that  have  been  described  have  defined 
as  the  PieiTe  formation  (later  named  Bearpaw,  although  still  as- 
signed to  Pierre  age)  a  shale  body  overlying  the  Judith  River, 
Claggett.  and  Eagle  formations.  The  latter  three  formations  are 
now  considered  to  l>e  in  greater  part  the  equivalents  of  the  Mesaverde 
formation  of  northwestern  Colorado  and  southern  Wyoming  sections. 
In  the  Colorado  and  Wyoming  fields,  however,  Pierre  has  been  used 
to  denote  l>eds  which  normallv  underlie  the  Mesaverde  formation. 
The  shales  above  and  below  the  Mesaverde  are  of  similar  lithologic 
composition,  res(»mbling  the  Pierre  shale  of  the  Great  Plains  region, 
and  also  contain  fossils  that  are  commonlv  found  in  the  Pierre  of 
the  Great  PlaiiLS.  Pierre  is  certainlv  a  valid  and  useful  term  in  the 
large  area  where  the  Niobrara  is  typically  developed  and  Mesaverde 
and  similar  formations  do  not  exist,  but  probably  has  no  place  in  a 
section  which  also  includes  either  the  Mesaverde  or  the  Judith  River. 

Third:  With  regard  to  the  previous  misinterpretation  of  the  term 
Laramie  so  far  as  it  relates  to  the  Raven  Park  district  the  solution  is 
clear.  None  of  the  rocks  in  this  field  to  which  the  name  Laramie  has 
hitherto  l)een  applied  are  j;)roperly  so  classtnl.  The  Laramie  forma- 
tion in  the  sense  in  which  the  name  was  originally  adopted  is  almost 
certainly  not  ro])re^ent(Hl  at  all  by  any  of  the  strata  exposed  in  the 
innnediate  vicinitv  of  Raven  Park.     Either  this  formation  was  never 
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deposited  in  this  field  or  if  it  was  deposited  it  was  completely  eroded 
at  a  later  time,  before  the  overlying  Tertiary  beds  were  laid  down. 

The  name  Laramie  was  adopted  by  agreement  between  King  and 
Hayden  to  apply  to  the  Cretaceous  strata  then  thought  to  lie  at  the 
top  of  that  system,  conformably  above  the  marine  deposits.  It  was 
assumed  at  that  time  that  marine  conditions  existed  throughout  a 
large  part  of  the  interior  province  during  most  of  Cretaceous  time, 
and  that  these  conditions  terminated  with  a  succession  of  crustal 
movements  that  uplifted  the  Rocky  and  Uinta  mountain  ranges.  Por- 
tions of  this  sea  were  supposed  to  have  been  cut  off  in  interior  basins 
at  the  time  of  that  upheaval,  so  that  their  waters  gradually  became 
less  and  less  salty,  until  the  fresh-water  conditions  which  marked 
Tertiary  time  were  fully  established.  It  was  clearly  the  intention 
of  the  early  investigators  to  denote  the  beds  laid  down  during  this 
transitional  stage  by  a  formation  name,  for.  which  purpose  Laramie 
was  agreed  upon.  In  terms  of  later  geologic  nomenclature,  therefore, 
I^ramie  was  probably  meant  to  include  all  the  brackish- water  de- 
posits which  succeeded  the  Montana,  or  latest  marine  sediments  then 
recognized  in  the  Cretaceous  system.  This  formation  was  less  cer- 
tainly defined  by  an  upper  limit,  but  was  in  all  probability  intended 
to  include  all  strata  up  to  whatever  beds  should  be  considered  as 
belonging  to  the  fresh-water  or  Tertiary  basins  established  after  the 
mountain-building  movements  already  mentioned  were  completed. 

Early  investigators  did  not  at  first  recognize  that  temporary  tran- 
sitions to  brackish  and  fresh  water  deposition  occurred  at  various 
periods  during  marine  Cretaceous  time.  Such  conditions  apparently 
prevailed  for  a  while  in  certain  interior  basins  at  the  same  time  that 
the  normal  marine  deposits  were  being  laid  down  in  adjoining  regions. 
These  periods  which  preced'ed  the  close  of  the  Cretaceous  were,  how- 
ever, of  short  duration  and  were  apparently  terminated  by  incursions 
of  the  sea  and  reestablishment  of  salt-water  conditions.  The  Judith 
River  beds  of  Montana  and  the  Mesaverde  formation  of  Colorado  are 
examples  of  deposits  laid  down  during  such  periods.  Both  contain  a 
fauna  and  flora  resembling  those  of  the  Laramie  and  were  formerly 
supposed  to  be  Laramie.  Both  are  now  known,  however,  to  represent 
stages  of  fresh-water  deposition  somewhat  similar  to  those  which 
prevailed  during  Laramie  time,  but  occurring  long  before  the  close 
of  the  Cretaceous.  It  is  perfectly  clear  that  such  beds  can  not  be 
included  under  any  interpretation  which  can  be  reasonably  given  to 
the  original  definition  and  agreement  as  to  the  use  of  the  term 
Laramie. 

The  fact  that  Mesaverde  time  was  succeeded  by  a  considerable 
period  of  true  nuirine  deposition  was  entirely  unrecognized  at  the 
time  of  the  earlier  surveys.  Evidence  of  this  return  of  salt-water 
conditions  is  found  in  the  existence  of  a  normal  succession  of  marine 


32  GEOLOGY  OF  RANGELY  OIL  DISTRICT,  COLORADO. 

strata  overlying  the  Mesaverde  formation  in  the  Yampa  Bivier 
valley,  north  of  the  fields  structurally  included  with  those  of  the 
\Miite  River  districts.  The  Yampa  basin  contains  a  great  body  of 
dark  clay  shale  with  lenticular  interbedded  sandstones  and  calcareous 
layers,  overlain  by  a  second  large  body  of  sandstones,  sandy  shales^ 
and  coal  beds.  Of  these  deposits  the  lower  or  shale  group  (Lewis 
ehale)  is  of  marine  origin  and  the  overlying  beds  indicate  a  aeoond 
transitory  stage,  reintroducing  brackish  and  fresh-water  conditions.  ^ 
The  later  beds  are  thought  to  represent,  at  least  in  part,  the  Laramie, 
so  far  as  the  best  interpretation  of  that  term  is  at  present  understood 

STRUCTURE. 

GENERAL  FEATURES. 

Tlie  geologic  structure*  of  the  region  here  discussed  can  best  be 
described  by  means  of  graphic  sections.    Several  of  these  have  been  ^ 
constructed  to  represent  the  features  exhibited  in  the  Rangely  district .P 
and  are  reproduced   in  PL  III.    The  locations  of  the  lines 
which  these  cross  sections  are  drawn  are  shown  on  the  geologic 
(PI.  II,  pocket)  by  letters  corresponding  with  those  on  the  sections. 

The  whole  field  constitutes  only  a  portion  of  the  huge  stnw 
basin  that  lies  south  of  the  Uinta  Mountains.    The  term  basin 
variously  used,  but  in  its  structural  geologic  sense  it  refers  to 
attitude  of  the  rock  strata  and  is  intended  to  signify  a  syncline 
relatively  depressed  portion  of  the  earth's  crust,  commonly  rel 
Ijeds  of  the  younger   geologic  formations,   while  the   correspond 
beds  are  very  likely  to  have  been  worn  away  over  the  uplifted 
tions  that  surround  and  form  the  rim  of  the  basin.     A  basin  in 
sense  should  not  be  confused  with  a  topographic  basin,  which  is 
commonly  understood  as  a  relative  (lej)ression,  but  referring  to 
earth's  surface  only  without  any  implication  as  to  the  attitude  of 
underlying  strata — for  instance,  a  valley  or  drainage  basin.    Ba^ 
Park  is  an  excellent  examjile  of  a  topographic  basin,  but  is  sti 
ally  quite  the  reverse  of  a  basin,  being  formed  of  strata  reladi 
uplifted  at  the  center  or  axis,  and  not  depressed. 

The  Raven  Park  district  lies  on  the  northern  margin  of  the  Ui 
Basin,  where  the  younger  beds  that  occupy  the  major  basin  are 
turned  and  eroded  along  the  uplifted  axes  of  the  Uinta  Mouni 
system.    The  Uinta  Basin  as  a  whole*  lies  south  of  the  Uinta 

in  Utah  and  Colorado.     It  is  limited  on  the  east  bv  the  various 

»■ 

of  uplift  which  form  the  western  foothills  of  the  Rocky  Mount 
system.     It  extends  westward  to  the  Wasatch  Mountains  in  Utah 
southward  to  the  uplifted  areas  of  the  Uncompahgre  Plateau  a.  - 
the  San  Rafael  Swell.     In  the  major  structural  basin,  as  well  as     ^^ 
the  subordinate  synclines  included  within  it,  the  axes  or  dee] 
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portions  of  the  folds  lie  in  the  main  parallel  to  the  major  axes  of  the 
uplifts  that  border  them.  Thus  within  the  influence  of  the  Rocky 
Mountain  system  all  the  folds  exhibit  marked  parallelism  in  a  north- 
west-southeast direction.  The  axes  of  the  Uinta  system  trend  more 
nearly  east  and  west,  and  an  extension  of  the  Uinta  uplift  eastward 
as  a  comparatively  simple  anticline  through  Axial  Basin  Ixjnds  south- 
eastward and  merges  into  the  corresponding  uplifts  and  folds  of  the 
Wliite  Kiver  Plateau,  which  are  clearly  a  part  of  the  Kocky  Mountain 
system.  This  c<mnecting  anticline  is  comparatively  inconspicuous  as 
regards  its  magnitude  of  uplift,  but  it  connects  the  two  great  moun- 
tain sj'stems  and  separates  two  huge  basins  of  the  younger  Cretaceous 
and  Tertiary  rocks  which  lie  north  and  south  of  it.  The  basin  to 
the  north  is  described  in  part  as  the  Washakie  Basin  in  Wyoming,  a 
portion  of  the  greater  structural  feature  known  as  the  Green  River 
Basin,  and  terminates  southeastward  in  the  valley  of  upper  Yampa 
River  in  Colorado. 

The  Colorado  portion  of  the  Uinta  Basin  has  been  tenned  the 
Grand  River  Basin,  and  is  in  a  minor  way  naturally  distinct  from  the 
larger  extension  of  the  Uinta  Basin  nito  Utah,  being  separated  by  a 
series  of  anticlinal  or  domal  uplifts  of  which  the  Raven  Park  fold  is 
one.  This  series  of  uplifts  has  an  approximately  north-south  axis. 
It  is,  however,  composed  of  three  or  more  distinct  structural  domes,  to 
be  presently  described  in  detail,  w4iose  axes  of  gi'eater  elongation  are 
approximately  parallel  to  each  other  but  oblique  to  their  north-south 
alignment  as  a  group.  The  longer  axis  of  the  Raven  Park  anticline 
lies  apparently  in  extension  of  the  major  axis  of  the  whole  Grand 
River  Basin.  The  similar  and  more  pronounced  fold  of  the  southern 
Blue  Mountain  region  lies  north  of  the  Raven  Park  anticline.  A 
less  pronounced  fold  south  of  the  Raven  Park  anticline  will  be  de- 
scribed as  the  Douglas  Oeek  uplift.  South  of  the  Douglas  Creek 
uplift  and  beyond  the  area  here  considered  in  detail  the  Uinta  Basin 
as  a  whole  terminates  against  the  flexures  bordering  the  Uncom- 
pahgre  Plateau  south  of  (irand  River,  just  as  it  does  against  the 
Uinta  axes  on  the  north. 

RAVEN   PARK  ANTICLINE. 

riic  structure  of  Raven  Park  is  essentially  that  of  a  simple  anti- 
cline or  dome  of  the  underlying  strata,  the  valley  itself  having  been 
eroded  from  the  crest  of  the  uplifted  portion.  The  strata  are  in- 
clined outward,  dipping  in  all  directions  from  the  center  or  axis  of 
the  uplift.  TTie  dome  is  roughly  oval  in  form,  the  axis  or  longer 
diameter  lying  in  an  almost  (hie  northwest-southeast  direction.  At 
either  end  of  the  axis  the  fold  flattens  and  is  lost  to  view,  merging 

45780— BuH.  350— OS li 


A  GKOLOGY   or    KANCIKLV   Oil.    DISTHU'T,   COI.OKADO. 

into  the  lloxures  of  adjoining  aivas.  Townnl  tlio  nortliwost  tlu*  tw» 
flanks  of  tlie  flexure  unite,  ihe  strata  becoming  approxinmtely  liori- 
zontah  with  a  number  of  minor  irregularities,  and  the  fold  disappeuv 
entirely  at  a  point  near  the  Colorado-Utah  State  line.  Beyond  that 
point  all  trace  of  subordimite  folds  is  lost,  the  strata  showing  a  aoi^ 
form  southward  dip  aAvayfrom  the  higher  u])lifts  to  the  north  andil* 
tending  in  this  way  westward  to  the  Green  liiver  Valley.  Soiithe|iE 
of  Raven  Park  the  fold  apparently  terminates  in  the  flat-lying  TeMi^ 
ary  beds  of  the  high  escarpment  known  as  the  Cathedral  Blidfa; 
These  strata  fill  most  of  the  interior  of  the  (h-and  River  Basin.  IJhi 
portions  that  now  remain  are,  as  a  rule,  horizontal  or  only  very  geoi^f 
flexed  or  tilted,  and  constitute  most  of  the  high  plateau  surfaces  thrf 
characterize  that  general  region. 

The  Raven  Park  anticline  is  not  a  symmetrical  fold.  Toward  tbv 
northeast  the  strata  dip  awaj'  at  light  angles,  averaging  fro'm  4* 
to  G°,  but  the  dips  to  the  soutli  and  southwest  arc  much  steeper — 
from  15°  to  about  35° — the  flexure  itself  being  ver}-  abrupt, 
characteristic  of  most  of  the  folds  in  the  western  Cretaceous  f< 
strata.  These  steeper  dips  are  found  along  Raven  Ridge  andLi: 
soutli  side  of  AVhite  River. 

As  stated,  the  Raven  Park  anticline  lias  midwav  between 
flexures  on  the  north  and  the  south.  All  these  folds  exhibit  strB 
features  of  similarity  and  apparent  relationsliip.  The  mast  proalr 
nent  of  these  features  are  the  character  and  position  of  the  flexnrei 
themselves,  and  the  correspondenct.*  in  direction  of  their  longer  aaea 
It  is  of  interest  to  note  the  gradation  of  the  intensity  of  uplift  that 
produced  tjie  various  folds.  In  the  Midland  fold  to  the  north  the  up- 
heaval was  sufficient  to  bring  to  surface  level  rocks  as  old  as  Cm* 
boniferous,  but  even  this  uplift  is  of  nmcli  less  magnitude  than  similir 
and  gi'eater  folds  inmiediately  north  of  it.  The  Raven  Park  fold 
exposes  the  Mancos  shale  at  its  center.  The  Douglas  Creek  flezuin 
is  broader  and  of  less  intensity  than  that  of  Raven  Park,  so  tha^bl 
upi)er  portion  is  now  largely  capped  by  the  Mesnverde  strata 
younger  than  those  found  in  Raven  Park. 

MIDLAND  UPLIFT. 

The  Midland  uplift  was  named  and  <lescrilKMl  by  AAliite*  M  i 
report  of  the  Ilaydeu  Survey.  The  name  is  intended  to  include  XU 
anticlinal  flexure  that  forms  the  southern  margin  of  Blue  Mounlaiii 
(Yampa  Plateau  of  the  earlier  w(uk),  a  ])orti()n  of  w^hich  was  &eB 
designated  as  the  Midland  Ridge.  The  southern  part  of  this  region 
of  uj)lift  is  included  in  the  area  of  the  geologic  map  and  sections  that 
accompany  this  report  (Pis.  II  and  III).    It  is  in  many  ixi^spects  tha 
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most  striking  feature  of  the  region  and  is  of  especial  interest  in  con- 
nection with  a  study  of  the  Raven  Park  uplift  because  of  its  simi- 
larity in  form  and  parallelism  of  structure  and  the  gi*eater  magnitude 
of  the  stratigraphic  displacement  which  it  represents.  By  reason  of 
the  greater  intensity  of  its  uplift,  and  also  of  later  erosion  along  its 
axis,  it  brings  to  view  a  considerable  section  of  the  older  strata  which 
underlie  Raven  Park  but  are  not  there  exposed. 

Like  the  Raven  Park  anticline,  the  Midland  uplift  exposes  at  its 
center  beds  of  weaker  texture  than  those  which  compose  the  flanking 
ridges,  and  thus  a  portion  of  the  axis  or  crest  of  the  uplift  is  eroded 
to  a  valley  of  comparatively  low  relief.  This  valley  is  in  form  a  great 
amphitheater  about  15  miles  in  length,  inclosed  by  an  almost  con- 
tinuous wall  of  brilliantly  colored  strata.  This  escarpment  is  a  strik- 
ing feature  of  the  landscape  and  can  be  seen  from  a  great  expanse  of 
territory  to  the  south  as  far  as  and  bevond  AVliite  River  vallev.  It 
is  in  form  a  precipitous  wall  1,000  to  1,500  feet  in  height,  composed 
of  brilliantly  colored  clay  or  shale  capped  by  ledges  of  massive  white 
sandstone.  The  underlying  shale  and  sandstone  present  a  banded 
api)earance,  a  feature  traceable  with  remarkable  uniformity  through 
the  entire  length  of  the  central  or  axial  basin.  The  upper  beds  in  the 
escarpment  are  of  vivid  red;  the  lower  part  is  mainly  of  a  dull 
greenish-gray  color  divided  by  a  narrower  band  of  red  similar  to  the 
brighter-colored  strata  above.  At  places  the  overlying  red  seems  to 
encroach  irregularly  upon  the  gray  beds  below%  but  on  close  inspec- 
tion it  may  be  seen  that  this  appearance  is  due  to  wash  and  slide  and 
to  the  stain  derived  from  the  overlying  material. 

The  view  given  in  PI.  IV,  5,  is  taken  from  the  summit  of  the 
cross-bedded  white  sandstone  ridge  at  the  south  side  of  Blue  Moun- 
tain, and  shows  the  structure  and  topography  of  that  part  of  the 
field.  The  structure,  as  explained  above,  is  that  of  the  southern 
margin  of  the  Midland  uplift,  with  southward-dipping  strata  of  the 
Jui-assic  white  sandstone  in  the  foregi'omid  and  the  Dakota  and  Ben- 
ton ridges  to  the  right  and  in  the  distance.  The  valleys  represent  the 
weaker  beds  that  have  been  eroded.  The  escarpment  in  the  back- 
ground to  the  left  is  that  of  the  "  red  beds  "  in  the  Midland  Ridge. 

Like  the  Raven  Park  uplift  this  fold  is  not  symmetrical  but  dips 
more  abruptly  on  the  south  than  it  does  in  other  directions.  It  is 
also  limited  on  the  north  by  a  still  higher  upthrust  of  similar  and 
1  elated  structure.  The  Midland  fold  pitches  down  and  tenninates 
abruptly  toward  the  west  within  a  mile  or  two  of  the  Colorado- Utah 
State  line.  Throughout  the  greater  part  of  its  extent  its  principal 
axis  of  flexure  lies  in  an  approxinuitely  due  east-west  course,  par- 
allel to  the  larger  uplifts  of  the  Uinta  system  on  the  north.  The 
Midland  fold  extends  toward  the  east,  its  axis  bending  southward  in 
the  ui>per  valley  of  Wolf  Creek,  and  crosses  White  River  at  the 
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mouth  of  that  creek.  In  this  portion  of  its  course  the  axis  coniorms 
to  the  trend  of  the  Raven  Park  anticline,  as  it  does  also  with  the 
prevailing  structures  of  all  the  flexures  southwest  of  this  region. 
Southeast  of  White  River  the  Midland  fold  flattens  and  is  lost  to 
view  in  the  lightly  dipping  strata  of  the  high  plateaus  of  Tertiary 
strata  composing  the  interior  of  the  Grand  River  Basin  to  the  south. 

RED   WASH    SYNCLINE. 

The  Raven  Park  anticline  is  separated  from  the  Midland  uplift  by 
a  syncline  or  depression  of  the  rock  strata.  This  axis  of  depression 
enters  the  Raven  Park  district  from  the  east,  passing  approximately 
along  the  channel  of  AMiite  River  in  the  vicinity  of  Angora  post- 
office.  From  this  point  it  follows  a  course  somewhat  north  of  west, 
crossing  the  valley  of  Red  Wash  along  the  eastern  margin  of  the  ter- 
ritory represented  on  the  map.  It  there  produces  a  broad  area  of  low, 
rolling  country,  where  lightly  dipping  sandstone  ledges  of  the 
Mesaverde  formation  form  the  principal  outcrops  along  ridges  and 
gulch  sides.  The  varicolored  marls  of  the  overlying  Tertiary  beds 
remain  along  this  axis  in  AMiite  River  valley  and  extend  westward 
as  far  as  the  twelfth  auxiliary  guide  meridian.  The  axis  of  the  syn- 
cline rises  to  the  west  and  this  fold  consequently  narrows  in  that  di- 
rection. This  axis  may  be  readily  traced  westward  as  far  as  Willow 
Creek  as  a  clearly  defined  flexure  of  the  strata.  Beycmd  that  place, 
with  a  slight  confusion  of  dips  and  strikes,  as  has  been  explained  (pp. 
33-M),  the  strata  a&sume  a  lighter  dip  and  the  syncline  is  much  less 
marked.  It  may  be  traced,  however,  as  a  gentle  flexure  almost  as  far 
west  as  the  State  line,  where  it  is  lost  in  the  same  coalescence  of  sub- 
ordinate structures  into  which  the  Raven  Park  anticline  disappeai's. 

DOUGLAS  CREEK  UPLIFT. 

The  Raven  Park  anticline  is  terminated  on  the  south  by  a  narrow 
and  rather  abrupt  syncline  separating  the  uplift  from  another  low 
anticlinal  structure  in  the  valley  of  Douglas  Creek,  farther  south. 
This  is  a  broad,  low  arch  of  far  greater  areal  extent  than  the  Raven 
Park  fold,  but  of  less  intensity  of  uplift,  so  that  the  strata  exposed 
at  the  crest  on  the  eroded  surface  and  in  the  vallev  bottoms  are  mainly 
those  of  the  Mesaverde  formation.  It  occupies  chiefly  the  drainage 
basin  of  Douglas  Creek,  a  broken,  somewhat  roughly  mountainous 
district  surrounded  by  the  higher  escarpment  ridges  and  i)lateaus  of 
the  Tertiary  strata.  This  broad  basin  of  anticlinal  structure  extends 
westward  approximately  to  the  State  line  in  the  vicinity  of  Dragon, 
Utah,  and  is  terminated  on  tlie  soutli  by  the  \uiA\  summits  of  the 
divide  on  the  Roan  or  Book  Cliffs  Plateau.  It  is  limited  on  the  east 
by  the  high,  precipitous  wall  of  the  Cathedral  Bluffs.     The  arecl 
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extent  of  this  fold  is  estimated  as  at  least  1^50  square  miles.  A  large 
part  of  this  district  is  coal  l^earing,  and  it  may  eventually  prove  to 
be  an  important  coal  field. 

This  uplift  lies  intermediate  between  the  Raven  Park  anticline  on 
the  north  and  the  uplifted  area  south  of  Grand  River  which  forms 
the  northern  margin  of  the  Uncompahgre  Phiteau.  It  thus  com- 
pk»tes  a  north-south  series  of  dome  structures  which  constitute  a 
natural  separation  of  the  Grand  River  Basin  of  Colorado  from  the 
Utah  portion  of  the  Uinta  Basin,  a  feature  that  has  already  been 
referred  to. 

The  dips  on  the  flanks  of  this  broad,  low  fold  aie  very  gentle,  but 
there  are  many  irregularities,  and  the  main  fold  is  not,  therefore,  so 
well  defined  nor  so  readily  discerned  as  the  simpler  uplifts  to  the 
north.  Tlie  prevailing  dips  over  the  larger  part  of  the  district  are 
approximately  equivalent  to  the  grades  of  the  streams.  The  oldest 
strata  are  exposed  on  the  AVest  Fork  of  Douglas  (^reek  about  8  miles 
al>ove  the  N  Bar  ranch.  Here  a  small  topographic  basin  is  eroded  in 
a  shale  that  clearly  l)elongs  near  the  basi*  of  the  Mesaverde,  but  the 
writer  is  not  certain  whether  it  actually  occurs  below  the  lowest  sand- 
stone  corresponding  to  the  '"  rim  rock  ''  of  Raven  Park  or  is  just 
above  that  bed.  By  analogy  with  the  Rangely  field,  the  anticlinal 
structure  of  this  little  basin  may  be  considered  indicative  of  a  field 
favorable  to  prospecting  for  oil.  According  to  the  best  information 
obtained  by  the  writer,  however,  no  indicaticms  of  oil  have  l>een  found 
at  the  surface  and  no  drilling  has  been  done  to  determine  its  pres- 
ence in  strata  below  the  surface. 

•  It  is  perhaps  important  to  note  that  the  whole  region  south  of  the 
fortieth  parallel  was  erroneously  mapped  and  described  in  the  reports 
of  the  Hayden  Survey  as  cx^cupied  by  the  AA'asatch  formation.**  For 
this  reason  the  distribution  of  the  rock  formations  in  this  region  has 
not  been  correctly  represented  in  other  publications,  nor  has  its 
probable  ec*onomic  value  as  a  coal  field  been  appreciated. 

UPLIFTS  IN  ADJOINING  REGIONS. 

Domes  or  anticlines  similar  to  the  Raven  Park  uplift  occur  in  many 
places  in  the  Cretaceous  and  Tertiary  strata  west  of  the  Ro<*ky  Moun- 
tains. Agency  Park,  the  valley  in  which  Meeker  is  situated,  is  eroded 
on  a  dome  that  closely  resembles  the  Raven  Park  fold  and  exposes  the 
same  formation  at  its  crest,  although  it  is  of  somewhat  greater  extent. 
A  number  of  similar,  though  less  conspicuous,  folds  occur  in  the  Dan- 
forth  Hills  north  of  Agency  Park. 


•EndHch,  S.   F.,   Report  on  geology  of  Wblt«'  Ulv«*r  district:  UVnth  Ann.   Uept.   V.   S. 
Geol.  and  Geog.  Survey  Terr.,  1878,  pp.  03-131. 
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An  anticline  similar  to  the  Raven  Park  fold,  \m{  less  i)ronoiniee(I 
in  size  and  intensity  of  folding,  crosses  White  River  l)etween  Raven 
and  Agency  parks,  at  AVhite  River  post-office.  This  fold  is  of  some 
interest  as  a  prospective  oil  and  gas  field  and  is* described  ofi  page  48. 

The  Rock  Springs  uplift  in  southern  Wyoming  is  a  well-known 
feature,  similar  iii  form  although  of  considerably  greater  extent 
than  either  the  Raven  Park  or  Agency  Park  uplift.  The  Mancos 
shale  is  exposed  at  tlie  center  of  the  Rock  Springs  uplift,  as  in  the 
otiier  folds,  surroimded  by  ridges  of  the  coal-bearing  Mesaverde 
formation. 

DISTRIBUTION     OF     STRATA     DEPENDENT     ON     INTENSITY     OF 

DEFORMATION. 

The  occurrence  and  distribution  of  the  Tertiary  formations  in  this 
general  region  is  largely  dependent  on  lack  of  disturl)ance  in  the  areas 
they  occupy.  They  are  found  in  the  interior  portions  of  the  major 
structural  basins,  and  in  their  horizontal  or  slightly  inclined  position 
they  constitute  the  high  plateaus  which  characterize  those  areas.  In 
normal  or  horizontal  position  these  beds  are  little  affected  by  the  dis- 
integrating action  of  surface  waters  and  the  elements,  except  where 
subjected  to  the  actual  corrasion  of  the  streams,  and  in  such  places 
they  are  chiefly  cut  awav  bv  the  attrition  of  the  material  mechanically 
transported  over  them.  The  streams  cut  vertical  or  steep- walled 
gashes  whose  sides  retreat  but  slowly  into  the  neighboring  uplands. 
The  recent  geologic  age  of  these  rocks  and  their  consequent  position 
near  the  top  of  the  stratigraphic  column  usmilly  account  for  their 
entire  disappearance  over  areas  that  have  l)een  uplifted  even  to  a 
moderate  degrei\  Their  softness  and  lack  of  coherence  has  caused 
them  to  l)e  removed  from  the  more  abrupt  portions  of  the  folds,  and 
their  outcrops  in  folds  or  tilted  positions  are  usually  occupied  by  low- 
valleys. 

Both  the  Wasatch  and  Green  River  formations  were  involved  in 
the  folding  that  produced  the  uplifts  that  have  been  described.  This 
is  shown  in  certain  favorable  localities  where  beds  of  the  younger 
groups  are  tilted  in  the  same  flexures  with  the  older  beds. 

FAULTS. 

So  far  as  has  been  observed,  faults  are  not  of  common  occurrence 
in  the  Rangely  district.  A  possible  fault  is  marked  by  an  offset  in  the 
line  of  hogbacks  developed  on  the  ''  rim  rock  "  at  the  upper  end  of 
the  canyon  of  AVhite  River  below  Raven  Park,  near  which  an  oil 
spring  was  discovered,  as  described  below.  Although  this  par- 
ticular locality  was  not  examined  with  sufficient  care  to  enable  the 

ft 

writer  to  reach  a  satisfactorv  conclusion,  the  very  evident  offset  of 

ft  ft' 

the  lower  hogback  ridges  is  thought  to  indicate  very  j)robably  a  minor 
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displacement.  Several  fjiiilts  in  the  Douglas  (^reek  valley  showed 
vertical  displacements  np  to  2(X)  feet  or  more,  but  thest»  are  south  of 
the  area  included  in  the  accompanying  map.  Extensive  faults  are 
descril>ed  along  the  major  axes  of  uplift  in  the  Uinta  Mountains,  but 
these  are  chiefly  north  of  (his  area  and  probably  have  no  effect  on 
the  accumulation  of  oil  in  this  field. 

BKVEIiOPMlCNT  OF  THE  OIT^  FIF.IiD. 

DISCOVERY   OF  THE   OIL. 

Attention  was  first  directed  to  Raven  Park  as  an  oil  field  by  the 
discovery  of  an  oil  seep  in  a  spring  at  the  lower  end  of  the  park. 
This  spring  is  said  to  have  Ix^en  situated  on  the  north  bank  of  the 
river,  near  the  location  of  the  new  ^and-suivey  corner  between  sees. 
5,  0,  7,  and  8,  T.  1  N.,  R.  102  W.  At  the  present  time  the  position  of 
this  spring  seems  not  very  w^ell  known,  and  inquiry  as  to  its  location 
was  met  with  the  reply  that  it  is  probably  trampled  down  by  cattle 
and  its  flow  obscured  in  the  mire.  After  the  report  of  this  discovery 
a  number  of  companies  were  organizcMl  among  the  local  residents  of 
Meeker  and  vicinity  to  prospect  and  develop  the  new  field.  The 
whole  field  is  now  covered  by  unpatented  locations  of  the  so-called 
'•  oil  placer  claims,''  the  various  holdings  being  still  divided  under  the 
names  of  the  companies  by  which  they  were  originally  taken  uj). 
The  total  area  thus  controlled  is  approximately  45,000  acres,  or  about 
70  square  miles. 

LOCATION  OF  CLAIMS. 

The  original  claims  were  staked  and  surveyed  from  the  accepted 
corners  of  the  old  land  survevs.  Since  their  location,  however,  a 
resurvey  of  the  w  hole  territory  has  been  authorized  by  Congress,**  and 
the  completed  plats  are  now  in  the  General  Land  Office  in  Washing- 
ton and  in  the  surveyor-genera  Ts  office  in  Denver.  It  is  the  general 
understanding  that  lands  filed  on  previous  to  the  completion  of  the 
resurvey  are  subject  to  patent  as  filed,  even  though  their  outlines  do 
not  conform  to  the  lines  or  corners  of  the  new  survev,  unless  it  shall 
be  mutually  agreed  by  all  parties  concerned  to  shift  the  boundaries 
to  correspond  to  the  reestablished  survey  lines. 

DESCRIPTION   OF  WELLS. 

The  first  well  drilled  in  the  field  was  known  as  the  Pool  well,  and 
was  put  down  in  the  summers  of  1901  ad  1J)02.  This  well  is  situated 
in  the  SE.  i  XW.  i  sec.  a:],  T.  2  N.,  R.  10i>  W.  (new  survey).  In 
this  project  three  of  the  Meeker  companies  combined  interests  in 
equal  shares  wnth  the  avowed  intention,  from  the  beginning  of  the 
work,  of  sinking  through  the  shale  to  reach  the  Dakota  sandstone. 


«  Act  approved  May  2S.  I!m4. 
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All  work  in  the  early  developiiients  was  planned  in  actrordance  with 
the  erroneous  estimates  of  the  thickness  of  the  rocks  now  called  Man- 
cos  shale,  as  given  in  the  Hayden  reports.  The  Pool  well  was  drilled 
to  a  depth  of  2,130  feet,  although  an  oil-bearing  sand  with  a  flow 
said  to  have  been  a  barrel  or  so  a  day  was  struck  at  a  depth  of  TilO 
feet.  The  hole  became  crooked,  and  for  this  reason  it  was  finally 
abandoned  and  lost. 

Three  wells  were  sunk  by  the  Requina  Company,  of  Meeker.  The 
first,  known  as  Requina  No.  0,  was  drilled  in  1002  in  the  SE.  i  SW. 
i  sec.  21,  T.  2  N.,  R.  102  W.  (new  survey).  Oil  struck  at  a  depth 
of  480  feet  is  reported  to  have  yielded  a  flow  of  several  barrels  a 
day,  as  tested  by  the  bailer.  The  well  was  ccmtinued  to  a  depth  of 
GOO  feet,  when  it  also  became  crooked  and  was  abandoned.  The  fol- 
lowing notes  were  obtained  from  memoranda  kept  by  Maj.  L.  W. 
Boutwell,  who  was  present  at  the  time  the  work  was  done: 

Nov.  13,  1902:  Shut  down  at  Hequina  No.  0  on  accouut  of  broken  injector 
pump. 

Nov.  24,  1002:  Pump  repaired  and  startetl  ImiHuK  well. 

Nov.  25,  1002 :  Completed  bailing?  of  well.  Total  result  was  six  water  tanks 
filled,  holding  5  barrels  each,  a  total  of  about  30  barrels.  This  would  Indicate 
an  average  of  about  3  barrels  per  day. 

The  oil  obtained  was  poured  out  on  the  ground  and  burned. 

The  Requina  No.  1  w^as  drilled  a  few  feet  distant  from  well  No.  0, 
w^hich  had  just  been  abandoned,  striking  the  same  oil-bearing  sand 
at  the  same  depth.  This  work  was  done  in  1002  and  1003.  Drilling 
was  continued  to  a  depth  of  1,()80  feet,  when  a  bailer  and  1,000  feet 
of  sand  line  were  lost  in  the  hole,  and  this  well  was  also  abandoned. 
AMien  this  well  was  visited  on  August  10,  1007,  a  test  of  its  capacity 
was  in  progress,  a  pump,  engine,  and  small  derrick  having  been 
temporarily  installed  for  this  purpose.  The  oil  obtained  was  being 
burned  imder  the  steam  boiler.  A  sample  of  this  oil  obtained  directly 
from  the  well  and  representing  the  fresh  product  has  been  analyzed 
by  Dr.  David  T.  Day,  of  the  United  States  Geological  Survey,  and 
the  results  are  given  on  page  50. 

The  Requina  No.  2  was  sunk  in  the  valley  close  to  the  channel  of 
Stinking  Creek,  about  4  miles  north  of  White  River,  in  the  NAV.  J 
NW.  i  sec.  20,  T.  2  N.,  R.  102  AV.  (new  survey).  AYork  was  done 
on  this  well  at  intervals  from  1003  to  lOOG.  At  the  lime  of  visit 
(August,  1007),  a  derrick  and  a  couple  of  driller's  cabins  were  still 
standing.  Reports  state  that  water  was  struck  at  a  depth  of  80  feet 
in  coarse,  gravelly  material,  which  is  said  to  have  been  the  base  of  the 
valley  wash,  or  "  adobe  ''  overlying  "  bed  rock."  This  water  is  almost 
certainly  the  luiderflow  of  Stinking  Creek;  no  water  has  ever  been 
struck  in  any  of  the  wells  within  the  Mancos  shale.  It  is  reported 
that  some  gas  was  found  at  a  depth  of  about  400  feet,  but  that  no  oil 
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was  obtained  from  this  \\A\,  The  drilling  was  continued  to  a  depth 
of  2,500  feet,  but  was  finally  abandoned  because  of  the  accidental 
parting  of  the  casing  and  the  loss  of  several  hundred  feet  of  it  in  the 
hole. 

All  the  Requina  wells  were  drilled  w^ith  the  intention  of  continuing 
through  the  Mancos  shale  to  the  Dakota  sandstone.  Each  hole  w^as 
lost  or  abandoned  through  accident. 

Two  wells  were  sunk  by  the  Meeker  Company,  also  of  Meeker. 
Both  of  the  wells  of  this  companj  were  drilled  to  the  first  oil  horizon 
and  discontinued  at  or  near  that  depth.  The  well  known  as  Meeker 
Xo.  1  is  situated  in  the  NW.  \  XW.  \  sec.  28,  T.  2  X.,  R.  102  W. 
(new  survey),  about  one-fourth  mile  southwest  of  the  Requina  wells 
Xos.  0  and  1.  This  well  is  said  to  have  struck  oil  at  a  depth  of 
736  feet,  and  the  hole  was  drilled  to  a  total  depth  of  771  feet.  At 
present  the  site  is  marked  by  a  metal  tank  partly  filled  with  oiL  This 
w^ell  is  said  to  have  shown  a  flow  similar  to  or  slightly  less  than  that 
of  the  near-by  Requina  wells. 

The  Meeker  Xo.  2  was  sunk  in  1903,  almost  exactly  1  mile  due 
east  of  the  Meeker  Xo.  1,  in  the  XAA^  i  XW.  i  sec.  27,  T.  2  X.,  R. 
102  W.  (new  survey).  The  well  is  said  to  have  struck  what  were 
tliought  to  be  the  same  oil-bearing  sands  as  those  found  in  the  wells 
already  described  at  a  depth  of  1,002  feet,  tvhen  work  was  discon- 
tinued.   Xo  oil  was  obtained  from  this  hole. 

The  second  attempt,  by  combined  interest,  to  prospect  the  so-called 
"  deep  sands"  (meaning  thereby  the  supposed  oil  pool  in  the  Dakota 
sandstone)  was  made  in  1903  by  drilling  the  well  known  as  the 
Union.  The  site  selected  was  on  the  northeast  side  of  Raven  Park, 
slightly  over  half  a  mile  from  the  "  rim  rock,"  in  the  middle  of  the 
west  side  of  sec.  16,  T.  2  X.,  R.  102  W.,  near  the  quarter-section  corner 
of  the  new  survey.  The  adoption  of  this  site  was  based  on  an  applica- 
tion of  the  anticlinal  theory,  as  explained  on  page  34.  On  the  as- 
sumption that  oil  would  be  found  on  the  flanks  of  the  anticline 
and  that  gas  would  occupy  the  summit,  the  site  was  selected  near  the 
margin  of  the  basin,  a  location  giving  nearly  the  maximum  thick- 
ness of  the  shale  body  available  from  the  valley  to  be  passed  through 
before  the  Dakota  sandstone  could  be  reached.  This  well,  known  as 
the  first  Union,  was  commenced  in  1903  and  the  hole  drilled  to  a 
depth  of  1,300  feet.  Oil  was  found  at  a  depth  of  584  feet,  but  was 
cased  off  and  the  drilling  continued.  The  hole  was  finally  abandoned 
owing  to  the  loss  of  a  string  of  tools  due  to  collapsing  casing. 

The  second  Union  well  was  put  down  on  approximately  the  same 
site  as  the  first,  striking  tlie  first  oil  sand  at  the  same  depth  as  before. 
This  well  was  also  commenced  in  1903  and  continued  at  intervals 
until  April  15,  1907,  when  the  rig  took  fire  while  still  at  w^ork  and 
the  whole  surface  equipment  was  lost.     The  depth  of  the  hole  is 
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»i,()55  feet,  and  the  well  is  said  to  l)0  still  in  good  condition.  It  is 
cased  to  a  depth  of  2,974  feet  with  a  string  of  casing  made  np  of 
1,228  feet  S^-inch,  1,332  feet  6f-inch,  and  414  feet  5-inch.»  The 
following  is  a  record  of  the  strata  passed  throngh;  it  is  said  to  be 
somewhat  incomplete  on  acconnt  of  the  destruction  of  a  part  of  the 
data  at  the  time  of  the  burning  of  the  rig: 

Rvcitnl  of  ffccotifl  Union  ircll.  Raven  Park. 
[Sybert  and  Joe  Trachta,  drillers.] 


Shale,  dark,  at  bottom  of  which  small  oil-bearing  wan  struck. 

Shale.  <lark 

Shale,  light  colored _ 

Shale,  dark,  much  of  it  of  purple  color 

Shale,  very  light  colored,  drillings  being  nearly  white 

Sand,  shaly. _ _ 

Shale,  dark,  with  fine  lines  of  white,  very  rotten 

Sand,  flinty,  alternating  with  rotten  }«hale 

Shale,  dark _ 

Shale,  black,  a  little  sandy. 

Shale,  hard,  black,  alternating  with  light-colored  shale 


Thick- 
ness. 


Feet. 
584 
816 
200 
839 

41 

5 

194 

58 
343 
170 
405 


Depth. 


Feet. 
584 
1,400 
1,000 
2.4S0 
2,480 
2,485 
2,679 
2,737 
3,080 
3,25Q 
3,656 


P'rom  the  manner  in  which  the  drill  was  worn  it  is  supposed  to 
have  penetrated  hard  sand.stone  at  the  bottom  of  the  well.  This  bed 
is  locall}'  supposed  to  be  that  of  the  Benton  horizon  already  described 
(p.  15),  and  is  reported  to  have  contained  fossils,  none  of  which, 
however,  were  saved. 

In  the  summer  and  fall  of  1907  several  new  wells  were  drilled  and 
some  of  the  older  wells  were  systematically  pumped  as  a  test  of  capac- 
ity, under  the  supervision  of  Mr.  J.  H.  Hunt,  of  Haywards,  Cal, 
Of  the  older  wells  the  only  ones  available  for  the  test  were  the  Meeker 
No.  1  and  the  Requina  No.  1.  At  present  writing  (December,  1907) 
it  is  understood  that  this  work  is  still  progressing  and  that  systematic 
prospecting  of  the  field  will  be  pushed.  It  is  also  reported  that  five 
new  wells  have  l)een  drilled,  of  which  four  are  claimed  to  have  struck 
oil.  Mr.  Hunt  gives  the  following  statement  with  regard  to  his  work 
in  the  field : 

Altogether  my  experiments  and  tests  show  that  oil  is  found  in  all  the  wells 
excei)t  two,  at  depths  from  400  to  700  f(*et  below  the  surface.  The  wells  cover 
a  distance  of  about  3  miles  from  north  to  south  and  1^  miles  from  east  to  west. 
The  oil  is  of  a  uniform  cliaracter  and  in  all  wells  rises  to  the  same  level,  ap- 
proximately 360  feet  below  the  surface.  By  continued  pumping  the  production 
hicreases.  The  formation  in  which  the  oil  is  found  is  sand  and  shale  mixed, 
varying  in  thickness  from  a  few  feet  to  45  feet.  By  shooting  with  nitro- 
glycerine the  flow  is  ai>parently  increased,  although  we  have  not  yet  experi- 
mented sufficiently  to  determine  the  size  shot  which  is  most  effective.  The 
production  of  both  the  wells  shot  was  increased,  but  the  formation  is  so  hard 
that  neither  well  was  caved  in,  indicating  that  they  will  stand  a  still  heavier 
shot  without  damage. 


*  Information  receivpd  from  Mr.  Henry  .T.  Hay,  of  Meeker. 
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OCCl'RRENCK  OF  THK  OIl^. 

ATTEMPTED  APPLICATION   OF  THE  ANTICLINAL  THEORY   IN  THE 

RANGELY  FIELD. 

Tlie  scientific  stud}'  of  an  oil  or  gas  field  from  the  standpoint  of 
the  geologist  is  the  only  means  worth  consideration  hv  which  the 
probable  presence  or  absence  of  these  substances  in  depth  may  be 
predicted  in  advance  of  actual  drilling.  In  such  a  study  lies  the 
only  hope  of  eliminating  any  of  the  large  number  of  failures  and 
the  consequent  loss  of  capital  so  often  involved  in  random  drilling 
in  the  search  for  productive  sites.  However,  no  geologist  or  mining 
engineer  can  yet  recognize  with  certainty  the  essential  criteria  that 
determine  productive  pools,  nor  can  he  say  even  in  a  well-known 
field  what  new  locations  will  prove  productive.  At  best  such  state- 
ments can  be  no  more  than  mere  probabilities.  In  a  new  field  conditions 
are  still  more  uncertain,  and  specific  knowledge  of  the  occurrence  of 
oil  can  be  obtained  in  no  other  wav  than  bv  actual  drilling.  An 
intelligent  study  of  the  geologic  structure  and  the  formations  is  the 
only  means  of  arriving  at  even  a  partial  understanding  of  the  occur- 
rence of  the  oil  or  gas. 

The  interests  that  have  controlled  the  prospecting  in  the  Rangely 
oil  field  have  been  for  the  most  part  local,  distributed  among  the 
older  residents  of  the  country,  who  were  personally  acquainted  with 
the  field  and  with  the  work  that  was  being  done.  All  of  the  pre- 
liminary drilling  seems  to  have  been  directed  by  an  intelligent  effort 
to  apply  the  structural  or  anticlinal  theory  of  the  accumulation  of 
oil  and  gas,  which  has*  appeared  to  explain  so  successfully  some  of 
the  oil  pools  found  in  the  fields  of  West  Virginia  and  adjacent  States." 

C.  A.  White,  in  the  Hayden  report,  described  this  valley  as  eroded 
from  the  crest  of  an  anticline  or  dome  and  suggested  it  as  a  field 
favorable  to  the  location  of  artesian  wells,  should  they  ever  be  de- 
sired— a  prediction  which  he  also  stated  was  based  wholly  on  its 
geologic  structure.  With  the  discovery  of  oil,  the  prediction  of 
artesian  conditions  suggested  flowing  oil  wells.  The  anticlinal  struc- 
ture of  the  field  suggested,  further,  the  application  of  the  anticlinal 
theory  in  this  region.  Several  wells  have  now  been  drilled  to  con- 
siderable depth  in  search  of  the  Dakota  "  sands."  This  formation 
has  been  thought  to  fulfill  the  assumed  requirements  as  a  principal 
storage  reservoir  for  the  oil.  The  theories  on  which  these  assump- 
tions are  based  are  briefly  reviewed  in  the  following  paragraph.  In 
the  application  of  these  theories  the  estimates  of  the  Haydeji  report 
for  the  thickness  of  the  Mancos  shale   (then  termed  Colorado  and 

•White,  I.  C,  The  Mannington  oil  field  [West  Virginia]  and  the  history  of  Its  devel- 
opment :  Bull.  Geol.  Soc.  America,  vol.  3,  1892,  pp.  193-216.  The  geology  of  petroleum 
and  natural  gas :  Rept.  West  Virginia  Oeol.  Survey,  vol.  1,  1899,  pp.  155-195. 
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lower  pari  of  the  Fox  Hills)  were  at  lii"st  accepted.  The  figures  and 
sections  of  that  report  iiidieated  that  the  Dakota  would  be  found  at 
no  great  depth  in  the  valley  lands.  The  wells  that  have  been  drilled 
as  yet  have  failed  to  reach  the  base  of  the  shale  and  it  is  now  clear 
that  the  first  estimates  of  its  thickness  were  far  too  small. 

It  is  undoubtedlv  true  that  in  many  or  most  oil  fields  some  well- 
defined  relationship  exists  l^etween  the  structure — that  is,  anticlines 
and  synclines  in  the  strata — and  the  distribution  of  the  oil  pools.  It 
is  probable  also  that  this  relationship  is  not  so  simple  as  exponents  of 
the  anticlinal  theorv  from  time  to  time  have  been  led  to  believe. 

After  the  discovery  of  the  oil  spring,  attention  was  attracted  to 
Raven  Park  as  an  oil  field  by  the  suggestion  of  its  quaquaversal' 
structure,  which  has  been  commonly  referred  to  locally  as  a  '*  perfect 
anticline/'  It  was  at  once  inferred  that  in  this  area  were  to  be  found 
the  ideal  conditions  for  the  accumulation  of  a  large  body  of  oil,  ac- 
cording to  the  postulates  of  the  anticlinal  theory.  The  conditions 
assumed  by  the  anticlinal  theory  as  controlling  the  accumulation  of 
oil  and  gas  are  briefly  as  follows: 

(^a)  Porosity  of  a  reservoir  rock,  which  is  commonly  a  stratum  of 
sandstone  or  sandy  rock,  capable  of  containing  the  oil  supply  in  the 
interstices  lx»tween  the  sand  grains.  This  is  generally  known  as 
an  oil  sand  and  is  in  many  i)laces  of  sandy  composition,  although  it 
may  be  a  fractured  shale,  or  even  limestone,  sufficiently  porous  to 
allow  the  accumulation  of  oil. 

(i)  An  impervious  cover  or  cap  roi^k  to  serve  as  a  seal  and  prevent 
the  escape  of  the  oil  and  gas  in  an  upward  direction. 

(r)  Geologic  structure  or  folds  in  the  rock,  favoring  the  accumula- 
tion of  the  oil  and  gas  in  certain  localities  by  draining  these  .sub- 
.stances  fiom  more*  extensive  areas  of  adjoining  beds  less  favorably 
situated  for  their  retention. 

(f/)  Saturation  of  the  rocks  by  ground  water,  on  which  the  oil  will 
move  by  reason  of  its  lighter  specific  gravity,  and  therefore  be  forced 
into  the  upper  parts  of  the  folds — that  is,  toward  the  crests  of  the 
anticlines. 

Oil  and  gas  an*  commonly  found  together.  According  to  this 
theory  the  gas  may  be  exi)ected  above  the  oil.  It  is  most  frequently 
found  in  the  crests  of  the  anticlines.  Small  folds  or  irregularities  in 
the  rock  structure  may  hold  some  of  the  gas  farther  down  the  flanks 
of  the  anticlines,  or  even  in  parts  of  the  synclines;  or,  as  another 
condition,  less  j)ermeable  portions  of  the  reservoir  stratum  may  also 
imprison  both  the  oil  and  gas  l>elow  the  summit  of  the  fold. 

This  theorv  is  based  on  the  assumption  of  the  presence  of  water  in 
the  oil  sand.     Exi)erience  has  shown,  however,  that  although  partial 


•"  Dip  of  stratn  In  nil  dirpctlons  awa.v  from  a  contcr." — White,  ('.  A..  Tenth  Ann.  Rept. 
\\  S.  (ieol.  and  (ioojr.  Survey  Terr.,  1N78.  footnote,  p.  41*. 
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saturation  is  the  condition  most  generally  encountered,  yet  at  a  great 
many  places,  in  both  the  eastern  and  the  western  oil  fields,  no  water 
is  present.  These  conditions  present  many  modifications  of  the 
original  theory.  Thus  the  oil  may  be  found  almost  anywhere  with 
reference  to  the  geologic  structure,  its  position  in  many  localities 
apparently  depending  largely  on  the  presence  or  absence  of  ground 
water.  The  places  of  accumulation  in  dry  rock  are  thought  to  be  at 
or  near  the  bottom  of  the  synclines,  or  the  lowest  point  of  the  porous 
medium,  or  at  any  point  where  the  slope  of  the  rock  is  not  sufficient 
to  overcome  the  friction  that  retards  the  movement  of  the  oil.  In 
porous  rocks  only  partly  filled  with  water  the  oil  probably  accumu- 
lates at  and  just  above  the  ground-water  level,  or  above  the  level  of 
saturation.  This  level  may  be  fairly  constant  in  one  basin  or  struc- 
tural feature,  but  probably  varies  greatly  in  different  basins  or  in 
different  sands  in  the  same  basin.  As  most  of  these  considerations 
depend  on  the  position  of  the  ground  water  and  its  relation  to  the 
oil,  they  do  not  seem  to  apply  to  a  discussion  of  the  oil  as  it  is  found 
in  the  Rangely  field. 

In  the  first  attempted  application  of  the  anticlinal  theory  to  the 
Rangely  field,  it  was  pointed  out  that  the  Mancos  shale  (then  known 
as  the  Colorado  and  Fox  Hills)  would  furnish  the  required  imper- 
vious cap  rock.  The  Dakota  sandstone,  locally  referred  to  as  the 
Dakota  "  sands,"  was  assumed  to  form  the  requisite  porous  stratum 
for  the  storage  of  the  oil.  Attention  was  called  to  the  fact  that 
Wliite  had  already  predicted  that  the  Dakota  would  be  a  source  of 
artesian  water,  and  this  water  was  therefoi'e  expected  to  provide  the 
degree  of  saturation  required  to  cause  the  oil  to  rise  into  the  anticline 
and  to  afford  a  hydrostatic  pressure  which  it  was  supposed  would 
also  produce  flowing  wells.  The  spring  containing  oil  at  the  lower 
end  of  the  park  was  thought  to  be  a  seepage  from  this  reservoir  along 
a  somewhat  indefinite  fault.  (See  p.  38.)  The  first  wells  drilled  in 
the  field  were  therefore  put  down  with  a  view  to  penetrating  the  over- 
lying shale  as  far  as  the  Dakota  sandstone.  The  numerous  failures 
from  one  cause  and  another  to  accomplish  this  aim  have  been 
described. 

GEOLOGIC    RELATIONS   IN   THE   RANGELY    FIELD. 

The  wells  that  have  been  drilled  in  the  Rangely  field  have  discov- 
ered one  or  more  oil-bearing  sands  in  the  body  of  the  Mancos  shale. 
But  one  oil  sand  has  been  found  in  any  one  well,  and  there  seems  to  be 
a  rather  indefinite  belief  or  assumption  on  the  i)ai't  of  the  local 
oixM'atoi*s  that  this  lies  everywhere  at  one  and  the  same  horizon.  If 
the  reports  of  the  depths  of  the  oil  sand  are  correct,  this  assumi)tion 
does  not  seem  to  be  warrantable.    Any  single  horizon  at  the  depths 
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recorded  in  the  various  wells  would  not  accord  with  the  recognized 
general  structure  of  the  field. 

Records  kept  by  the  drillers  and  observations  at  the  outcrops  of 
the  Mancos  shale  show  the  existence  of  beds  of  more  or  less  sandv 
composition  at  various  horizons  within  the  formation.  The  well 
records  obtainable  are  incomplete  and  not  very  specific  in  their  de- 
scription. There  seems  to  be  considerable  uncertainty,  even  among 
those  who  are  most  familiar  with  the  work  as  it  was  done  or  who  have 
actually  done  the  drilling,  as  to  the  precise  nature  of  the  beds  in 
which  the  oil  was  found.  In  a  personal  communication  Mr.  Henry 
J.  Hay,  of  Meeker,  states : 

As  to  the  thickness  of  the  oil  sand  I  can  not  say  exactly.  Sybert,  who  drilled 
the  Union  to  the  first  sand,  thought  not  over  2  feet,  and  perhaps  less;  but 
Trachta  thinks  it  is  greater.  No  other  sand  beds  were  found  except  in  the 
Union  well. 

The  following  note  was  received  from  Mr.  Joseph  Trachta,  who  has 
had  charge  of  most  of  the  drilling  in  the  field : 

In  regard  to  the  layer  where  they  strike  the  upiier  strata  of  oil  I  wish  to  say 
that  it  is  not  a  sand  layer.  It  is  u  hard  gritty  sliale.  It  is  much  grittier  tlian 
the  other  sliale.  It  looks  very  much  the  same  all  the  way  through,  only  a  little 
darker.  The  gritty  sliale  I  si)eak  of  is  about  100  feet  thick  and  you  strike  oil 
through  that  100  feet  somewhere.  The  same  gritty  shale  will  not  decomiwse  to 
clay  as  quickly  as  the  other  for  the  reason  that  it  is  harder,  but  Is  not  like 
the  sand  we  struck  at  the  Ijottom  of  the  Union  well,  for  that  was  sand. 

The  quotations  given  above  are  at  present  the  only  available  de- 
scriptions of  the  nature  of  the  beds  that  contain  the  oil  as  they  have 
been  encountered  in  the  wells. 

The  oil-bearing  sands  of  the  Rangely  field  are  probably  more  in 
the  nature  of  lenses  forming  completely  inclosed  and  isolated  reser- 
voirs than  of  "  pools  "  in  the  sense  implied  by  the  anticlinal  theory. 
This  conclusion  is  based  mainly  on  a  study  of  the  general  character- 
istics of  the  strata  observed  at  their  outcrops,  for  the  small  amount 
of  well  drilling  that  has  been  done  in  the  field  has  not  supplied  suf- 
ficient data  from  which  to  determine  this  feature.  The  lenticular 
character  of  almost  all  the  individual  beds  observed  along  the  out- 
crops of  the  Mancos  and  associated  formations  is  strong  presumptive 
evidence  of  their  similar  discontinuity  in  depth.  Like  all  the  minor 
meml^ers  of  the  Cretaceous  strata  in  general,  particular  beds  are 
found  to  thicken  and  thin  from  place  to  place  along  their  outcrops 
or  even  to  disappear  entirely,  some  of  them  very  abruptly,  although 
the  features  which  characterize  these  particular  beds  recur  at  many 
places  at  what  appears  to  be  the  same  horizon,  over  widely  extended 
areas.  This  irregularity  of  l)edding  is  more  marked  in  the  smaller 
or  thinner  strata  than  in  the  more  prominent  memV)ers. 
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Sandy  beds,  or  even  strata  of  fairly  massive  sandstone,  are  known 
to  occur  along  the  outcrop  of  the  Mancos  shale  at  some  localities  out- 
side of  Raven  Park.  An  example  may  be  noted  in  Agency  Park, 
where  such  sandy  beds  form  a  minor  hogback  in  the  valley  of  Mancos 
shale.  Similar  beds  are  present  in  the  upper  valley  of  Coal  Creek 
east  of  ''The  Transfer,"  in  eastern  Rio  Blanco  Countv.**  So  far  as 
known  there  are  no  beds  in  the  Raven  Park  district  as  prominent  as 
these  just  cited.  From  the  descriptions  of  the  well  drillers,  how- 
ever, it  is  assumed  that  some  minor  beds  of  this  character  do  occur. 
In  all  of  this  discussion  it  is  recognized  that  the  zones  of  oil  accumu- 
lation commonly  referred  to  as  sands  may  not  be  true  sands,  but 
merely  porous  strata  of  any  constitution  in  wiiich  the  oil  can  gather. 
The  variability  and  discontinuity  of  the  rocks  described  are  not, 
however,  confined  to  any  one  particular  feature,  such  as  their  sandy 
composition,  as  has  frequently  been  observed  in  the  field,  but  seem  to 
be  shown  no  less  by  all  other  physical  characteristics  and  therefore 
probably  apply  with  equal  certainty  to  the  feature  of  porosity. 

The  oil-bearing  sands  that  have  been  struck  have  l>een  entirely 
free  from  water  and  apparently  from  the  influence  of  any  liydro- 
static  pressure.  The  body  of  the  shale  itself  appears  to  be  wholly 
barren  of  w^ater,  to  which  it  seems  to  offer  an  impervious  l)arrier. 
If  the  oil  bodies  of  the  Rangely  field  are  in  truth  contained  in  isohited 
or  completely  inclosed  reservoii-s  they  can  hardly  be  expected  to  ex- 
hibit artesian  conditions  to  any  marked  degree.  If,  however,  a 
tilted  reservoir  is  tapped  somewhere  below  the  upper  surface  of  its 
contained  oil  this  fluid  would  of  course  seek  its  level  in  the  opened 
well,  or  might  even  be  forced  higher  by  a  pressure  of  gas  confined 
in  the  reservoir  above  the  oil.  In  any  case,  it  seems  clear  that  w  hat- 
ever  artesian  conditions  mav  exist  in  the  Dakota  sandstone  or  below 
that  stratum,  they  are  confined  l)eneath  the  main  body  of  the  imper- 
vious Mancos  shale  and  do  not  affect  the  distribution  of  tlie  upper 
oil  bodies. 

The  presence  of  oil  in  the  Dakota  sandstone  appears  to  be  a 
problem  of  purely  speculative  nature  which  can  be  proved  only  by 
the  drill.  No  evidence  of  oil  has  ever  been  found  in  the  outcrop  of 
the  Dakota  beds  in  the  neighborhood  of  the  Rangely  field.  The 
inference  of  its  presence  in  those  beds  is  therefore  based  entirely 
(m  the  supposition  that  their  constitution  offers  a  reservoir  par- 
ticularly well  adapted  to  oil  accunnilation.  This  is  entirely  within 
the  bounds  of  possibility,  as  is  also  the  existence  of  artesian  con- 
ditions in  view  of  the  structure  and  exposure  of  the  Dakota  strata 
in  the  apparently  favorable  catchment  area  at  the  south  side  of  Blue 


"  Uh]8trated   In   the  cro.ss  section   published  with  the  geologic  map  of  that  district  in 
Dull.  U.  S.  Ueol.  Survey  No.  315,  1907.  PI.  III. 
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Mountain.     Oil  is  reported  as  occurring  in  the  Dakota  sandstone  at 
Turkey  Creek  and  near  Golden  City,  in  the  Denver  Basin.* 

THE  WHITE  RIVER  FIELD. 

In  connection  with  a  discussion  of  the  occurrence  of  oil  in  the 
Rangely  field,  it  is  interesting  to  note  that  some  indications  of  a 
similar  field  have  been  noted  on  Blacks  Gulch,  40  miles  east  of 
Rangely  in  the  White  River  valley.  Blacks  Gulch  opens  into  White 
River  from  the  north  20  miles  below  Meeker.  It  is  near  the  crest  of 
a  minor  anticlinal  fold,  the  longer  axis  of  which  crosses  White  River 
in  a  north-south  direction  near  the  mouth  of  Piceance  Creek  at 
White  River  post-office.  This  fold  is  a  low  dome  of  the  rocks,  ex- 
posing the  Wasatch  strata  at  the  surface,  surrounded  by  escarpments 
of  the  Green  River  formation  on  all  sides.  The  dips  are  all  light, 
being  about  3°  toward  the  east,  increasing  to  10°  or  so  south  of  the 
river  and  to  about  5°  toward  the  west.  Gas  is  said  to  have  been 
found  by  Tom  Scarritt,  a  cowboy,  by  the  accidental  igniting  of  a 
small  flow  from  a  lighted  match.  A  small  derrick  was  set  up  and 
a  hole  drilled  to  a  depth  of  400  feet  and  abandoned.  According  to 
reports,  a  second  well  was  sunk  about  half  a  mile  farther  up  the 
gulch.  Here  at  a  depth  of  538  feet  gas  was  struck  under  such  pres- 
sure that  the  derrick  was  destroyed  and  the  driller  seriously  injured. 
The  gas  burned  with  a  blue  flame  and  under  much  pressure  for  six 
months,  when  it  stopped  abruptly.  The  fact  that  the  tools  have  been 
left  in  the  hole  leads  to  the  supposition  that  it  became  suddenly 
blocked.  Gas  is  also  said  to  be  issuing  along  this  same  anticline 
south  of  the  river,  at  the  locality  known  as  Alkali  Flats.  So  far  as 
known^  no  oil  has  yet  been  obtained  in  this  field.  It  resembles  the 
Rangely  field  only  in  its  geologic  structure,  the  strata  being  of  much 
later  age  and  overlying  by  many  thousands  of  feet  the  oil-bearing 
beds  of  the  Rangely  district. 


I  • 


COMPARISON   WITH  OTHER  KNOWN   FIELDS. 

Oil  has  been  found  at  approximately  the  same  geologic  horizon  as 
in  the  Rangely  district  in  a  number  of  fields  of  this  same  general 
region,  notably  in  other  parts  of  Colorado  and  in  Wyoming.  Among 
these  may  Ix^  cited  the  Florence  and  Houlder  fields,^  and  some  flows 
or  seeps  in  the  eastern  part  of  Routt  County,  Colo.  In  Wyoming 
a  basin  similar  to  the  Raven  Park  basin  in  structure  and  topography 
has  been  prospected  east  of  Rock  Springs,  on  the  Union  Pacific  Rail- 
road.   It  is  understood  that  the  work  at  that  localitv  was  undertaken 


"  I-Akos,  Arthur.  Oil  in  rolorado  :  Mint's  and  Minerals,  vol.  J2,  1902,  p.  2r»7. 

^Fennemati.  N.  M..  Tlw  Huuidrr  (Colorado >  oil  fiold  :  Itull.  \\  S.  (;*m>1.  Survey  No.  213, 
1903.  pp.  322-.3.'^2:  Bull.  No.  225.  1004,  pp.  383-391;  The  Florence  (Colorado)  oU  field: 
Bull.  No.  2(K),  1905,  pp.  430-440. 
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wholly  from  the  suggestion  of  the  anticlinal  f^tructiire  of  the  field. 
Although  several  holes  were  sunk  to  a  considerable  depth  in  the  Man- 
cos  shale,  it  is  said  that  neither  oil,  gas,  nor  water  was  found  in  that 
formation.  Occurrences  of  oil  in  Uinta  Countv.  AVvo.,  some  of 
which  are  at  a  horizon  analogous  to  that  of  the  Rangely  oil,  are  de- 
scribed bv  Veatch  and  Schultz." 

It  has  been  suggested  by  some  of  those  interested  in  the  Rangely 
field  that  conditions  hero  may  be  held  to  be  more  c(miparable  with 
those  of  the  California  fields  than  with  those  of  the  oil  fields  of  the 
eastern  United  States.  It  is  believed,  however,  that  this  view  is  not 
well  founded.  The  California  fields  are  of  gi'eat  complexity  of 
structure,  the  oil  occurring  in  almost  every  conceivable  structural 
situation — along  faults,  in  synclines,  or  in  anticlines — and  it  is 
thought  that  no  clear  understanding  has  yet  been  reached  of  the 
conditions  controlling  the  accumulation  of  oil  in  certain  beds  there. 
No  direct  relationship  can  be  traced  to  the  situation  in  the  Rangelv 
field. 

It  has  also  been  suggested,  and  probably  with  more  reason,  that  the 
Rangely  field  may  be  compared  to  the  Kansas-Oklahoma  oil  and  gas 
fields.*  In  those  districts  the  oil,  though  occurring  in  a  nuich  older 
formation  geologically,  is  said  to  lx»  found  in  sandstones  interl)edded 
with  shale,  in  lenticular  bodies  or  completely  inclosed  reservoirs.  The 
geologic  structure  of  those  fields  is,  however,  much  more  simple  than 
that  of  the  Rangely  field,  being  that  of  a  fairly  uniform  monocline, 
with  a  northwesterly  to  westerly  dip  of  about  20  to  25  feet  per  mile. 

QUAI.ITY  OF  THK  OIL.. 

PHYSICAL  PROPERTIES. 

The  color  of  the  Rangely  oil  is  clear  light  red,  with  strong  green 
fluorescence,  closely  resembling  that  of  many  of  the  Pennsylvania  oils. 
although  perhaps  slightly  darker  than  the  average.  Its  odor  is  like 
that  of  kerosene,  much  resembling  that  of  a  refined  oil.  It  is  ap- 
parently free  from  sulphur.  The  specific  gravity  of  the  crude  oil 
from  Requina  well  No.  1  is  0.8002,  or  44°  Baume.  It  would  there- 
fore be  described  as  a  very  light,  thin  oil. 

•  Veatch,  A.  C.  Coal  and  oil  In  Tlnla  County.  Wyo.  :  Bull.  U.  S.  Geol.  Survey  No.  iIHr», 
1906,  pp.  .331-353:  (ieography  and  ppolopy  of  a  portion  of  southwestern  Wyoming,  with 
ttpecial  reference  to  coal  and  oil :  l*rof.  rapir  r.  S.  (Jeol.  Survey  No.  .">(>.  ll)u7.  Schultz. 
A.  R.,  The  Labarge  oil  field,  central  I'lnta  County,  Wyo.  :  Bull.  T'.  S.  C.eol.  Survey  No.  .UO, 
1!)08. 

^.Vdams,  O.  I.,  and  others.  Economic  ;;i'oU)^y  of  the  lola  (|uadrangle.  Kansas:  Bull. 
r.  R.  Oeol,  Survey  No.  2.'i8.  1004.  Sehrader.  F.  C.  and  llaworth.  K..  i:<«onomlc  Keolojjy 
of  the  Independence  quadrangle,  Kansas :  Bull.  U.  S.  Gcol.  Survey  No.  296,  1900. 

45780— Bull.  ^50— OS 4 
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CHEMICAL  PROPERTIES. 

An  analysis  of  tlie  Kanirelv  oil,  reported  as  made  bv  the  Standard 
Oil  Conii)any,  and  already  used  in  the  published  notes  and  desc*rip- 
tions  of  the  Ran^ely  field,  is  as  follows: 

Analf/.si.s  of   Uunycltf  (til, 
I  Uy  Staindaril  Oil  Company.] 

Cnule  olK  gravity,  4;{.t)°  HaiiiuO:  burns  at  (H)°.  Percent. 

Liglit   iiaphtlin.  gravity,  70.;{°   HaiuiiC* 7 

Heavy  iiaphtlia,  gravity,  01.1°  Kauiiu» V2 

Illuminating  oil,  gravity.  45.1°  Haunu':  Hashes  at  !M)'' ;  burns 

at  11(;°-             - UO 

Parafliu,  gravity,  32.8"  RanniO 20 

Coke  and   waste 1 

The  nil  is  frei*  from  snli»liur  compounds. 

A  sample  of  the  oil  collected  fresh  from  the  pump  that  was  run- 
ning at  the  Ke(|uina  Xo.  1  well  on  August  19,  11K)7,  was  distilled  by 
Dr.  David  T.  Day,  of  the  United  States  Geological  Survey,  giving 
the  following  results: 

.{iuilf/si.s  i.f  Uanytly  oil  from  lit'quina  .V</.   /  tvcll. 

\\\y  Davl.l  T.   Day.] 

Initial  boiling  i>oint,  48^  C.  l*er  cent. 

<iasoline  and  naiilitlia  (below  150°  C),  siH?fit1c  gravity  o.os 25 

Illuminating  oil  (15()°  ('.  to  :]00°  C),  speiific  gravity  0.751 45 

itosidue   (above  3(X)°  g.) 27 

Loss ;» 

The  oil  crontains  no  water.  The  residue  contains  nnieh  paratfin  wax,  and 
there  is  no  asphalt  in  the  sample. 

WATER  SUPPLY  OF  THE  HAVEN  PARK  J>1STR1CT. 

GENERAL. 

The  ({uestion  of  waler  supply  is  important  to  all  interests  in  Kaven 
Park  and  vicinity,  whether  engaged  in  agriculture,  stock  raising,  or 
the  development  of  natural  resources.  The  annual  rainfall  is 
small,  and  the  climate  may  be  described  as  semiaritl.  West  of 
the  Rocky  Mountains  the  aridity  of  this  plateau  province  becomes 
more  and  more  pronounced  away  from  tin*  high(*r  mountain  masses, 
and  Kaven  Park  mav  bt»  said  to  lie  on  the  border  land  between  the 
badlands,  or  more  typically  desert  regions  farther  west,  and  the  pro- 
ductive basins  and  valleys  of  the  mountain  foothills.  A  great  extent 
of  pasture  lands  of  much  value  to  stockmen  is  available  here  only 
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as  a  winter  range  when  the  snow  lies  on  the  ground,  being  wholly 
destitute  of  water  during  the  summer  season.  This  is  especially  true 
of  the  territory  south  of  Raven  Park  and  west  of  Douglas  Creek, 
locally  known  as  the  "'  park  country  "  and  designated  on  some  of  the 
maps  Rabbit  Hills. 

AVAILABLE  SUPPLIES. 

Near  the  Rangely  district  only  White  River  and  two  of  its  prin- 
cipal tributaries,  Douglas  Creek  and  Spring  Creek,  retain  water  in 
their  channels  throughout  the  year.  In  drier  seasons  both  these 
creeks  are  said  to  dry  up  in  the  summer,  although  they  have  flowed 
continuously  for  the  last  two  seasons.  The  water  supply  of  the 
Raven  Park  settlement,  both  for  domestic  use  and  for  irrigating  the 
land,  is  taken  from  AMiite  River,  which  flows  with  a  good  volume 
and  a  moderately  swift  curi'ent  throughout  the  year.  The  stream 
has  a  normal  width  through  Raven  Park  of  2  to  4  chains,  or  an  aver- 
age of  about  200  feet.  It  pursues  a  meandering  course  through  the 
bottom  lands,  but  has  a  number  of  slight  rapids  or  riffles  over  bowlder 
and  gravel  bottoms.  Its  average  rate  of  fall  across  the  park  is  about 
12  feet  per  mile  in  a  straight  course  down  the  valley,  and  about  the 
same  in  the  canyon  above  the  park.  Recent  gagings  of  White  River 
by  the  United  States  (ieological  Survey  are  quoted  in  the  following 
tables : « 


Diachargv  mraHHrvmrnts  of  White  Rirrr, 


At  Meeker, 

Rio  Blanco  County,  Colo. 

-\t  Iprnarl 

o.  TMnt 
Ar(Mi 

a  county,  T'tali. 

b 

Area 

Width 

of 

Mean 

Gagpe 
height. 

Dis- 
charge. 

Wi<lth 

of 

Mean 

Gage 
height. 

Dis- 
charge. 

Date. 

of 
river. 

cros8 
eeo- 

veloc- 
ity. 

Date. 

of 
river. 

cross 
sor- 

vcloc^ 
ity. 

tlon. 

See.- 

tlon. 

m 

Ft.  per 

Ft.  per 

Sec- 

1906. 

Feet. 

Sq.ft. 

see. 

Feet. 

feet. 

l9CHi. 

Feet. 

Sq.ft. 

nee. 

Feet. 

feet. 

Apr.  17 

72 

184 

3.19 

3.60 

587 

,  Apr.  18 

78 

108 

3.43 

3.78 

679 

Apr.  23 

79 

287 

3.67 

4.60 

080 

1 

May    4 

70 

240 

3.11 

4.30 

747 

May  13 

80 

•  506 

4.56 

6.60 

2.306 

May  17 

78 

326 

6.42 

r>..T0 

2.007 

May  22 

78 

380 

8.r,7 

6.ir» 

3,2.'i6 

1 

May  31 

78 

343 

6.94 

:».6r. 

2,38:J 

1 

June   8 

78 

336 

6.60 

r).5r> 

2.240 

Jane  23 

78 

310 

6.41 

5.47 

1,1«8 

Juno  24 

89 

G31 

3.10 

6.20 

1.955 

Joly    3 

78 

267 

3.76 

4.60 

1.014 

;  July  19 

72 

•285 

3.27 

4.28 

031 

July  24 

78 

187 

3.48 

4.05 

6r.i 

Aug.  10 

78 

lfi7 

2.11 

3.a"> 

;«> 

Auc.  20 

78 

172 

2.i:. 

:i.}K) 

:{<]0 

•  Discharge  measurements  at  regular  stations ;  estimated  monthly  run-off  based  on  daily 
readings  of  gage  height  for  stations  named. 

*  18  miles  northwest  of  Dragon,  Utah. 
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Estimatrt!  monthly  (ItMchargr  of  While  RiviT. 


At  Meeker. 


Date. 


Aprfl.. 
May.. 

June.. 
July. 


1906. 


Total  In 
acre-feet. 


AufiruAt 

Reptamber. 
October 


87,400 
129.000 
lol.OOO 
fil.400 
22.800 
20.  ax)  1 
18,000  1 


At  iRnacfo. 


Date. 


1900. 

AprlL 

May 

June— 

July 

Aufiru^t-. 

Seiitember 

October— 


Total  in 
acre-feet. 


1 


47.800 
123.000 

m.ooo 

£8,400 
38.000 
42.100 
S4,400 


White  River  lia.s  it.s  principal  headwaters  in  the  wooded  "  Flat- 
tops "  of  the  White  River  Plateau,  70  or  80  miles  east  of  the  Rangely 
field.  In  its  upi)er  course,  or  al)ove  Agency  Park,  this  stream  is  nor- 
mally a  clear,  fresh  mountain  stream.  There  are  some  scattering  set- 
tlements and  irrigation  along  the  narrow  lK)ttoms  in  this  upper  val- 
ley, but  the  volume  and  swift  current  of  the  river  at  that  part  of  its 
course  seem  ample  security  against  appreciable  deterioration  in  the 
quality  of  its  water.  In  Agency  Park  the  stream  enters  on  the  areas 
of  younger  and  less  consolidated  Cretaceous  strata,  and  from  this 
point  down  the  water  rapidly  loses  the  freshness  and  clarity  of  its 
upper  coui'se.  Many  ditches  diveil  water  for  irrigation  and  return 
it  to  the  sti^eam  more  or  le.ss  charged  with  alkaline  salts  from  the 
meadow  soils  and  in  practically  all  cases  considerably  polluted  by 
cattle  and  surface  refu.se.  In  Agency  Park,  as  also  lower  on  its 
course  during  wet  seasons,  the  tributaries  empty  heavily  charged 
alkaline  waters  into  the  main  .stream,  most  of  that  material  being 
leache<l  from  the  soils  of  the  younger  Cretaceous  and  Tertiary  strata. 

Below  Powell  Park  the  territory  drained  by  the  lateral  tributaries 
of  the  main  stream  is  compo.sed  on  the  north  of  ])adland  drains  of  the 
'*  Crooked  Wa.sh,"*  or  Coyote  Basin,  and  the  valleys  of  Wolf  Creek 
an<l  Red  Wa.sh,  with  numerous  other  smaller  drains.  From  the  soutlT 
side  the  extensive  drainage  l)asins  of  Piceance  and  Yellow  creeks  and 
other  smaller  .streams  from  the  Roan  or  Book  Cliffs  Plateau  pour 
their  alkaline  waters  into  the  main  stream.  In  times  of  flood,  as  in 
the  spring  and  early  summer,  and  at  frecjuent  intervals  in  the  sum- 
mer months  during  the  brief  and  violent  storms  which  ai^e  character- 
istic of  the  region,  all  of  this  lower  tributary  drainage  empties  a 
great  volume  of  thick,  muddy  water  into  the  iiiain  channel,  making 
the  river  water  much  of  the  time  hea vv  with  mud  and  clay  and  surface 
refuse.  At  tim(»s  of  such  turbiditv  the  river  water  has  a  foul  odor, 
suggestive  of  putrefying  ilesh,  which  is,  however,  thought  to  come 
from  the  clay  that  is  suspended  in  the  moving  water.  Ahmg  its  lower 
cour.se,  in  the  vicinity  of  Raven  Park,  White  River  .seldom  runs  clear 
for  long  at  a  time.  The  constantly  recuiring  .storms  at  one  locality 
or  another  in  its  u])i)er  valley  keep  its  water  hi  a  condition  which  is 
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by  nature  distasteful  to  mail  and  l)east.  Tlie  question  of  its  effect  on 
the  animal  system  is  open  to  much  conjecture,  and  with  increasing 
population  of  the  district  may  become  a  vital  issue. 

OBJECTIONABLE  FEATURES  OF  THE  WHITE  RIVER  WATER. 

The  normally  distasteful  condition  of  the  river  water  during  most 
seasons  of  the  year  is  evidently  a  source  of  growing  complaint  among 
the  settlers.  AMiether  rightfully  or  not,  to  its  effects  have  been  attrib- 
uted various  maladies  among  those  more  or  less  in  ill  health  who  are 
compelled  to  depend  on  its  use.  Its  most  apparent  objections  are  its 
turbidity  and  to  a  less  extent  perhaps  the  odor  which  seems  to 
accompany  this  condition  when  extreme.  This  turbidity  is  of  course 
due  largely  to  mechanically  suspended  sediment  that  settles  out 
readily  when  the  water  is  allowed  to  stand  undisturbed.  In  view  of 
this  fact  it  is  a  prevalent  custom  among  the  residents  to  dip  the  water 
first  into  a  settling  barrel  at  the  river  bank,  whence  the  supply  is  car- 
ried from  time  to  time  to  the  houses  in  pails.  The  suspended  matter 
is  so  fine  and  sticky  that  its  removal  by  filtration  would  be  difficult. 

An  objection  hardly  less  evident  than  its  muddy  condition  to  those 
who  give  the  subject  any  consideration  is  the  constant  presence  of 
dead  and  putrefying  animals  in  the  tributary  channels  and  also  along 
the  main  stream.  In  a  country  so  largely  given  to  cattle  raising  it  is 
inevitable  that  many  dead  animals  must  constantly  lie  scattered  about 
the  country.  It  is  perhaps  an  unfortunate  instinct  that  leads  the 
sick  and  injured  animals  to  these  watering  places,  where  their  dead 
IxKlies  very  often  pollute  thef  supply  for  all  the  rest  of  the  herd,  if 
not  also  for  human  use.  Flood  seasons  or  heavy  storms  sweep  the 
refuse  from  such  decay  into  the  main  stream.  It  is  said  that  in 
winter  gi'eat  numbers  of  cattle  break  through  the  ice  and  are 
drowned.  Tlieir  bodies  then  lodge  in  the  stream  until  the  breaking 
up  of  the  ice  in  spring,  wlien  they  are  passed  on  down  the  stream 
with  the  high  watiMs.  Tlie  effect  of  such  decaying  matter  on  the 
water  as  a  whole,  though  very  unpleasant  to  consider,  is  perhaps  not 
3'et  proved  to  hv  essentially  harmful,  in  view  of  the  extreme  dilution 
of  the  objectionable  matter  with  the  total  volume  of  water.  The 
organisms  of  decay  of  both  organic  and  vegetable  matter,  though 
often  offensive  to  the  senses,  arc  not  necessarily  the  vitally  dangerous 
elements  of  a  polluted  drinking  water.  The  most  dangerous  elements 
to  human  life  are  certain  specific  germs  of  disease,  such  as  those  of 
cholera  and  typhoid,  which  propagate  and  spread  only  from  sources 
that  contain  those  germs  in  advance.  So  long  as  these  diseases  are 
absent  from  the  drainage  basin  of  White  River  it  seems  fair  to 
assume  that  their  germs  are  not  contained  in  the  river  water. 

A  further  source  of  objection  may  be  found  in  the  fact  that  the 
river  water  itself  mny  also  oxn't  a  harmful  inftweuee  \\\>o\\W\^\v\vrcvws\ 
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system  by  reason  of  its  eheinieally  dissolvwl  <*onstitueiits.  These  are 
dearly  j)resent  to  a  rather  marked  de|^'ee,  so  that  the  water  is  de- 
scribed as  '"  hard/'  The  hardness  of  a  water  is  due  to  the  presence  of 
alkaline  carbonates  such  as  those  of  calcium,  sodium,  and  magnesium, 
or  to  the  alkaline  sulphates,  chlorides,  and  nitrates.  The  carbonates 
produce  what  is  known  as  temporary  hardness,  because  it  may  be 
remedied  by  boiling.  Water  containing  the  constituents  of  the  sec- 
ond group  is  permanently  hard — that  is,  it  remains  so  even  after  it 
has  been  boiled.  The  hardness  of  the  White  River  water  is  of  the 
permanent  kind. 

None  of  these  dissolved  constituents  are  of  the  nature  of  actively 
poisonous  substances,  but  the  effect  of  the  water  on  persons  unaccus- 
tomed to  it  or  to  other  similarly  hard  waters  is  pretty  clear  evidence 
of  a  certain  amount  of  activity.  Chemical  analyses  of  the  inorganic 
constituents  may  be  relied  on  to  define  very  clearly  the  nature  of 
these  dissolved  mineral  substances,  and  a  fair  estimate  of  its  prob- 
able effect  on  the  human  system  from  this  cause  only  may  be  thereby 
obtained. 

With  this  purpose  in  view  a  sample  of  White  River  water  .was 
collected  by  the  writer  from  the  main  stream  just  above  the  Rangely 
bridge  on  August  2G,  1907.  The  water  at  that  time  was  in  a  some- 
what turbid  condition,  and  though  the  river  was  not  so  low  nor  the 
water  so  clear  as  it  had  been  at  times  during  the  month,  its  condition 
was  not  at  all  an  extreme  of  flood  or  nniddiness,  and  the  sample  is 
considered  to  represent  a  very  fair  average.  This  water  has  been 
analyzed  in  the  laboratory  of  the  United  States  Geological  Survey 
at  Washington,  with  the  following  results: 

Anafyxis   of    Whitr   Rirrr   \ratvr  colhvtrd   at    the  iron    hri(l(/r,   Ratigely^    Colu,^ 

Aiiffust  Mi,  nun. 

IHy  U.  R  I)oh».l 

Parts 
per  minion. 

Total  suspendcil  solhls 5,000 

Total  (lissolvnl  solids  at  lso°  (' 400 

SISPKXDKI)    MATTKR. 

Per  cent. 

Insoluble  In  IICl  (saiul,  day,  silica,  etc.) 71 

Oxides  of  inni  and  alundnuni  (Fea(),TfAI..(>.T) __ 11 

(MIcium    ((^a) .13 

Magnesium    (Mjx) .05 

Sulphate  radicle  (SO*) Trace. 

Orpuiic  and  volatile  nmiier_.       .._           —     —       1(» 

rndetermined -  l.SH 
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DIMHOLVKI)   (."ONSTITUKNTS. 

Parts 
per  million. 

Silica     (SIO,) 20 

Iron   (Fe) 1.5 

ralclum    (Ca) GO 

MnKuesium    (Mg) 24 

Sodium  and  potassium  (NaK) 35 

Carbonate  radicle   (NO3) 5.5 

Hicarbonate    radicle    (IICO,) 194 

Sulphate   radicle    (SO4) 146 

Chlorine    (CI) 9.3 

501.30 

There  is  apparently  no  poisonous  mineral  matter  in  the  water  in  sufficient 
quantity  to  do  inny  harm.  The  suspended  matter  is  very  high  and  is  of  such 
fine,  sticky,  or  "gumbo**  character  that  its  removal  by  filtration  without  coag- 
ulant would  l>e  difficult.  The  sulpliates  are  rather  high  and  calcium-sulphate 
scale  would  doubtless  result  from  the  use  of  the  water  hi  boilers.  If  carefully 
filtered  the  water  wouhl  l>e  sufficiently  good  for  domestic  use,  but  In  Its  raw 
state  it  is  abwilutely  unaccei>tal)le. 

USE  OF  ICE. 

It  has  been  an  established  custom  among  some  of  the  older  residents 
of  Raven  Park  and  vicinity  to  preserve  ice  from  the  river  in  winter 
for  their  summer  supply  of  drinking  water.  This  custom  has  several 
important  advantages  and  is  to  be  heartily  indorsed.  The  ice  Ls 
obtained  when  the  surface  of  the  river  is  covered  and  for  the  most 
part  securely  sealed.  Refuse  and  objectionable  matter  are  in  the 
main  frozen  also,  and  decay  is  arrested,  so  that  very  little  of  such  mat- 
ter can  gain  access  to  the  flowing  water,  or  if  it  does  it  lies  essentially 
inert  Tlie  water  at  this  time  is  derived  largely  from  melted  snow 
and  ice  collected  from  a  frozen  ground  surface  and  so  is  unusually 
free  from  the  alkaline  salts  which  enter  so  largely  into  its  composition 
in  the  summer.  The  process  of  freezing  itself  excludes  a  large  pro- 
portion of  the  chemically  dissolved  constituents.  It  is  well  known 
that  the  ice  formed  on  the  salt  water  of  the  ocean  includes  but  a  small 
percentage  of  the  normally  contained  salt. 

SPRINGS. 

Aside  from  White  River  itself  there  is  but  little  water  to  be  had 
over  a  rather  extensive  area,  especially  in  the  lower  valley  lands 
bordering  the  river  basin.  A  few  springs  are  known  among  the 
sandstone  ridges  bordering  Raven  Park,  and  a  number  of  them  are 
indicated  on  the  topographic  map  (PI.  I).  Some  of  these  are  of* 
good  though  usually  hard  water.    The  following  list  gives  the  loca- 
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tion  of  those  that  are  l)est  known  or  that  were  found  in  the  present 
survey : 

Sprinffs  and  iratcr  hoi  cm  in  Kavrn  Park  tliatrirf  a  tray  from  White  Rirrr. 


Name. 


Nate  Spring 

Iron  Spring 

Flat  Bock  Spring. 

Iron  Spring- 

Three  Springs 

Box  Elder  Spring 

Skull  Creek - 

Red  Wash  Oreek.. 
Willow  Creek  .. 

Small  stream 

Cliff  Creek 


Location. 


In  Nate  Spring  Gulch,  sec.  .S4,  T.  3  N..  R.  102  W 

SE.  \  sec.  3a,  T.  3  N.,  R.  108  W ._. 

SW.  4  sec  26,  T.  3  N..  R.  103  W - 

In  Chase  Qulch.  NW.  \  sec.  20,  T.  2  N..  R.  101  W 

At  old  Mobley  itost-otlice,  .sec.  34,  T.  4  N.,  R.  100  W 

See.  8.  T.  3  N..  R.  100  W ^-._ 

At  Jones's  ranch,  sec.  1.  T.  3  N.,  R,  101  W 

Se«*.  2,  T.  8  N.,  R.  102  W 

Sec.  12,  T.  3  N.,  R.  108  W 

Sec.  36,  T.  4  N.,  R.  104  W 

K  ranch,  sec.  23.  T.  4  N.,  R.  104  W 


Remarks. 


Not  very  good. 
Good  wat«r,  but  fmtXi 
flow. 

Good  water. 

Do. 

Camping  site  and 
stream  :  good 
water. 

Good  water. 


Beyond  the  .southern  and  southeastern  margins  of  the  district  here 
described,  springs  and  headwaters  of  streams  containing  excellent 
water  are  found  in  the  wooded  slopes  close  up  under  the  Cathedral 
Bluffs.  The  upper  courses  of  the  various  forks  of  Douglas  Creek 
are  fresh  and  clear  at  a  distance  of  30  miles  or  more  above  Raven 
Park. 

To  the  north,  along  the  southern  foot  of  Blue  Mountain,  as  indi- 
cated on  the  map  (PI.  I),  there  are  numerous  supplies  of  good  fresh 
water,  though  usually  in  springs  or  streams  of  small  volume.  These 
have  long  furnished  the  excellent  camping  sites  that  lie  along  the  old 
Uinta  trail,  which  follows  the  valley  from  the  Yampa  and  White 
River  territory  into  Utah,  forming  a  part  of  the  route  through  this 
country  to  Salt  Lake  City.  These  waters  are  derived  from  the  vari- 
ous sandstone  strata  in  the  older  formations  that  flank  the  high 
plateau.  They  can  ])e  readily  traced  to  the  points  where  they  issue 
from  these  strata  in  the  form  of  springs,  but  in  their  lower  courses 
they  dry  up  soon  after  reaching  the  open  prairie  and  valley  lands. 

Above  ffones's  ranch  on  Skull  Creek,  in  the  XE.  ]  sec.  1,  T.  3  N., 
R.  101  W.,  a  good  flow  of  water  issues  from  the  upper  beds  of  the 
Carlx)niferoiis   sandstone,    which    underlies    the   brilliantlv    banded 

ft 

strata  of  the  Midland  Ridge  escarpment.  These  waters  are  rather 
strongly  charged  with  iron  and  sulphur,  but  were  found  very  agree- 
able to  the  taste  by  comparison  with  the  muddy  water  of  the  river 
below. 

Box  Elder  is  a  camping  site  situated  on  the  main  wagon  trail  in 
the  middle  of  the  north  side  of  sec.  8,  T.  3  X.,  R.  100  W.,  about  2 
miles  southeast  of  Jones's  ranch.  A  spring  of  good  water  is  said  to 
issue  from  the  hogback  ledges  about  half  a  mile  above  this  i)lace. 

At  Three  Springs,  which  is  east  of  the  area  shown  on  the  map,  on 
a  minor  fork  of  Wolf  Creek,  in  .sec.  t>4,  T.  4  X.,  R.  100  W.,  the  water 
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issues  from  tlie  **  Wliite  Cliff '"  sandstone  (Jurassic)  capping  the 
rilliantly  banded  strata  of  the  Midland  Ridge  escarpment.  This 
■<  a  well-known  locality  to  the  old  settlers  and  travelers  of  the  region. 
I  ranch,  formerly  the  post-office  Mobley  (now  discontinued),  is 
ituated  by  one  of  the  springs.  The  springs  lie  north  of  the  main 
ast-west  route  of  travel,  being  about  2^  miles  from  the  Yampa 
?iver-Utah  trail.  The  approach  from  Wolf  Creek  valley  is  over  a 
omewhat  ix)ugh  and  rocky  wagon  trail,  which  also  continues  north- 
vard  and  is  one  of  the  routes  of  access  to  the  summit  of  Blue  Moun- 
ain.  The  water  is  clear  and  cool  and  flows  with  very  good  volume 
Tom  several  of  the  seeps  that  issue  along  the  hillside  within  a  dis- 
ance  of  perhaps  half  a  mile. 

A  group  of  springs  is  also  found  in  the  XE.  J  sec.  2,  T.  3  N., 
R.  102  W.,  in  the  west  or  main  fork  of  Red  Wash,  at  the  point  where 
hat  stream  crosses  the  same  Jurassic  sandstone  ("'Wliite  Cliff"') 
fn)m  which  the  water  is  derived  at  Three  Springs.  The  lowest  spring 
jf  this  group  is  one  of  considerable  size  and  flow  and  is  strongly 
.'harged  with  iron.  From  these  springs  water  flows  down  the  channel 
jf  Red  Wash  for  only  a  short  distance,  soon  sinking  and  drying  up, 
jxcept  in  wet  weather. 

The  springs  next  west  of  Red  Wash  are  those  that  form  the  head- 
svaters  of  Willow  Creek,  in  the  SE.  i  sec.  12,  T.  8  N.,  R.  103  W. 
Here  also  the  water  issues  from  the  "White  Cliff"  (Jurassic)  sand- 
stone, as  at  Three  Springs  and  on  Red  Wash.  It  gathei*s  in  two 
small  branches  in  the  valley  north  of  the  Dakota  hogback,  uniting 
into  a  single  stream  of  some  little  volume  as  it  crosses  the  wagon 
road,  but  sinking  soon  after  it  passes  out  into  the  valley  below. 

West  of  Willow  Creek  the  next  spring  water  found  along  the  Uinta 
Tail  is  a  small  stream  issuing  from  behind  the  Dakota  hogback  2 
niles  south  of  the  K  ranch  and  near  the  Colorado-Utah  State  line, 
n  the  SE.  J  sec.  85,  T.  4  X.,  R.  104  W.  Here  also  the  water  is 
lerived  from  the  Jurassic  sandstone  alreadv  referred  to.  This 
stream  is  very  feeble  in  dry  weather,  often  becoming  of  very  small 
low  during  the  day  and  regaining  a  somewhat  stronger  volume  at 
light.  It  runs  but  a  short  distance  out  into  the  valley,  however, 
3efore  it  sinks  and  its  channel  is  normally  dry. 

At  the  K  ranch  one  of  the  main  branches  of  Cliff  Creek  contains 
sufficient  water  to  irrigate  a  small  field.  The  water  is  ponded  in  a 
^mall  reservoir  near  the  house  and  probably  would  flow  for  a  con- 
siderable distance  down  the  main  creek  channel  were  it  not  diverted. 
A.  more  northerly  fork  of  Cliff  Creek  lying  near  the  escarpment 
lamed  on  the  older  maps  as  Section  Ridge  is  said  also  to  contain 
«rater. 
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RAIN  WATER. 

So  far  as  is  known  to  the  writer  no  attempt  has  ever  been  made 
to  save  the  rain  water  or  snow  water  for  domestic  use.  This  is,  how- 
ever, accomplished  in  a  natural  way  and  is  occasionally  found  to 
serve  a  very  useful  purpose.  The  back  slopes  of  the  cuesta  or  dip- 
slope  ridges  surrounding  Raven  Park  are  in  many  places  capped  by 
bare  ledges  of  heavy-bedded  massive  white  sandstone.  Irregularities 
in  these  nearly  horizontal  beds  retain  the  rain  water  of  the  summer 
showers,  which  frequently  form  innumerable  pools,  some  very  large 
and  deep,  in  firmly  inclosed  rock  basins.  One  of  these  pools  situated 
in  the  ledges  near  the  road  from  Rangely  to  the  K  ranch  is  used  as 
a  camp  or  watering  stop  by  travelers  if  they  are  so  fortunate  as  to 
I)e  acquainted  with  its  location. 

ARTESIAN  WELLS. 

Of  the  wells  that  have  been  driven  in  the  Rangely  field  hone  have 
encountered  water  in  the  Mancos  shale,  and  as  yet  none  have  pene- 
trated far  enough  to  reach  the  Dakota  sandstone,  which  is  so  com- 
monly known  to  be  a  water-bearing  formation  under  favorable  con- 
ditions in  other  localities.  It  is  reported  that  water  was  struck  at  a 
depth  of  80  feet  in  the  Requina  oil  well  No.  2,  which  is  situated  close 
to  the  channel  of  Stinking  Creek,  and  probably  encountered  an  under- 
flow of  that  stream.  The  drillers'  reports  state  that  this  water  was 
found  "  at  the  base  of  the  adobe,  in  a  bed  of  gravel  overlying  the 
shale  bed  rock."  It  is  therefore  assumed  that  the  body  of  the  Mancos 
shale  is  without  water. 

The  possibility  of  obtaining  artesian  flow  in  Raven  Park  was  sug- 
gested by  Wliite  in  the  Hayden  reports,  but  it  now  seems  clear  that 
he  far  underestimated  the  depth  of  the  Dakota  sandstone  in  that 
field.  The  structural  conditions  on  which  he  based  his  estimate  are 
apparently  favorable,  and  such  artesian  flow  might  be  available  if 
the  depth  of  the  water-l)earing  stratum  were  not  so  great.  Further- 
more, the  beds  which  are  now  seen  to  be  the  best  water  carriers  at  the 
springs  along  the  foot  of  Blue  Mountain  and  which  occupy  the  most 
favorable  ])ositions  as  catchment  areas  on  the  flanks  of  that  mountain 
are  stratigraphically  much  lower  than  the  Dakota  sandstone  and  it 
would  probably  be  impracticable  to  reach  them  by  drilling  from  any 
point  within  the  park.  Although  the  chances  that  these  sandstones 
below  the  Dakota  may  contain  an  artesian  water  supply  are  considered 
excellent,  it  is  not  at  all  certain  that  a  similar  flow  would  be  found 
also  in  the  Dakota  beds.  On  the  other  hand,  in  spite  of  the  meager 
catchment  exposure  of  that  formation  and  its  apparent  barrenness 
of  springs  along  its  outcrop  it  may  possibly  accumulate  a  sufficient 
volume  of  underground  water  to  establish  an  artesian  flow  if  reached 
bv  boring  in  the  lower  park  lands. 
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PREFACE. 


^  By  E.  C.  Eckel. 


The  following  report  on  the  clays  of  Arkansas  was  prepared  by 
Prof.  John  C.  Branner,  while  State  geologist  of  Arkansas,  for  pub- 
lication by  the  State  Survey.  The  work  of  the  organization  was 
unexpectedly  discontinued,  leaving  no  provision  for  the  publication 
of  this  report.  Under  the  circumstances  Professor  Branner  offered 
the  manuscript  for  publication  as  a  bulletin  of  the  United  States  Geo- 
logical Survey.  As  some  years  have  elapsed  since  the  original 
preparation  of  the  manuscript,  it  has  been  necessary  to  bring  up  to 
date,  so  far  as  possible,  the  commercial  and  statistical  data  included 
in  the  report.  Advantage  has  also  been  taken  of  recent  Survey 
work  in  Arkansas  to  introduce  later  observations  on  the  geology  of 
certain  districts.  Mr.  A.  F.  Crider  has  accordingly  revised  the  sec- 
tions on  the  geology  and  clay  industries  of  the  southeastern  coun- 
ties, while  Mr.  E.  F.  Burchard  has  revised  the  discussion  of  the 
Paleozoic  clays  and  of  certain  areas  in  northwestern  Arkansas,  with 
a  view  chiefly  to  bringing  the  nomenclature  into  accordance  with 
present  Survey  usage. 
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THE   CLAYS  OF  ARKANSAS, 


By  John  C.  Branner. 


CHAPTER  1. 
TOPOGRAPHY  AND  GEOLOGY. 

OENERAIi  FEATURES. 

The  broader  topographic  and  geologic  features  of  Arkansas  are 
not  local  and  characteristic  but  are  rather  portions  of  several  physio- 
graphic divisions  which  find  completed  expression  in  areas  beyond 
the  borders  of  the  State.  Nearly  all  that  part  of  the  State  lying 
northwest  of  a  line  drawn  diagonally  across  it  from  northeast  to 
southwest  (from  Randolph  County  to  Little  River  County)  is  com- 
paratively elevated,  and  is  divided  by  the  Arkansas  River  valley 
into  the  Ozark  Plateau  (including  the  Boston  Mountains)  on  the 
north  and  the  Ouachita  Mountain  region  on  the  south.  This  north- 
western portion  is  underlain  by  limestones,  sandstones,  and  shales, 
which  are  approximately  horizontal  in  the  Ozark  region,  broadly 
folded  in  the  Arkansas  Valley,  and  highly  folded  and  distorted  in  the 
Ouachita  Mountains. 

The  Ozark  Plateau  region  north  of  the  Boston  Mountains  is  deeply 
dissected  by  stream  erosion.  Its  topography  is  therefore  rugged, 
but  the  local  elevations  rise  to  the  same  general  level.  In  the  Bos- 
ton Mountain  region,  which  overlooks  the  plateau  from  an  irregular 
northward-facing  escarpment  500  to  700  feet  above  it,  the  topog- 
raphy is  largely  of  the  terrace  and  escarpment  type,  being  developed 
on  sandstones  and  shales.  Stream  dissection  has  made  this  area 
also  very  rough  and  broken. 

The  Arkansas  Valley  represents  a  worn-down  plain.  Ijow  residual 
hills  and  ridges  rise  above  it,  and  its  streams  flow  in  valleys  cut  below 
the  general  level. 

Studies  of  the  Ouachita  Mountains  by  J.  A.  TafT^  show  that  the 
uplift  of  this  range  involves  a  thickness  of  nearly  5  miles  of  rock. 

a  Tail,  J.  A.,  Stnictand  features  of  the  Ouachita  Mountain  Range  in  Indian  Territory:  Sciencts  now 
861.,  vol.  11,  No.  366,  Feb.  2, 1900,  pp.  187-188. 
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The  structure  is  Appalachian,  and  the  massive  sandstone  and  novao- 
ulite  ridges,  primarily  arched  by  folding  and  compression,  have 
become  accentuated  by  the  more  rapid  weathering  of  the  upturned 
edges  of  interstratified  shales  until  great  contrasts  of  relief  have 
resulted.  The  anticlinal  ridges  of  the  Ouachitas  trend  nearly  east 
and  west,  are  roughly  parallel,  and  rise  500  to  1,000  feet  above  the 
intervening  valleys,  or  to  altitudes  of  1,600  to  2,100  feet. 

Bordering  the  plateau  region  on  the  southeast  and  extending  east- 
ward beyond  the  borders  of  the  State  across  the  Mississippi  VaUey 
and  southward  to  the  Gulf  of  Mexico  is  a  lower  belt,  underlain  by 
younger,  softer  strata  of  marls,  chalks,  clays,  sands,  and  gravels. 
Low  altitude  and  slight  topographic  relief  characterize  this  portion 
of  the  Gulf  Plains.  Crowleys  Ridge,  in  the  northeastern  part  of  the 
State,  is  a  remnant  of  a  once  extensive  plain  that  stood  at  a  level 
slightly  higher  than  the  present  ridge.  The  slope  of  the  whole  is 
gulfward,  and  the  plain  is  trenched  by  many  broad,  shallow  valleys 
bordered  by  terraces  with  steep  escarpments. 

The  older  rocks  are  of  Paleozoic  age,  ranging  from  early  Ordo- 
vician  sediments,  through  the  Silurian  and  Devonian,  to  those  of  the 
later  Pennsylvanian  epoch  of  the  Carboniferous  period.  The  newer 
deposits  represent  interrupted  sedimentation,  beginning  with  the 
early  Cretaceous  and  including  Tertiary  and  Quaternary  deposits. 

Besides  the  sedimentary  deposits  certain  small  areas  of  intrusive 
rocks  occur  at  Fourche  Mountain,  south  of  Little  Rock,  and  at  Mag- 
net Cove,  near  Hot  Springs.  These  rocks  have  been  studied  and  de- 
scribed by  the  late  J.  Francis  Williams,*'  and  the  areas  near  Little 
Rock  which  contain  bauxite  have  been  described  by  the  writer,*  but 
were  afterward  remapped  by  C.  W.  Hayes.*'  These  rocks  consist 
mainly  of  elaeolite  syenite,  popularly  termed  granite,  and  were  in- 
truded into  the  sedimentary  rocks  probably  late  in  Cretaceous  time. 

ORDOVICIAN   SYSTEM, 

The  Ordovician  beds  are  the  oldest  sedimentary  rocks  certainly 
recognized  in  Arkansas.  They  consist  of  a  thick  series  of  magnesian 
limestones,  sandstones,  siliceous  limestones,  and  cherts,  and  cover  all 
or  portions  of  the  following  counties  in  northern  Arkansas:  Ran- 
dolph, Lawrence  (western  half),  Independence  (northern  part), 
Sharp,  Fulton,  Izard,  Stone  (northeastern  part),  Baxter,  Marion, 
Boone,  Searcy  (northeastern  part),  Newton  (northern  part),  Carroll 
(northwestern  part),  and  small  portions  of  Benton  and  Washington. 

o  Williams,  J.  Francis,  The  igneous  rocks  of  Arkansas:  Ann.  Kept.  Geol.  Survey  Arkansas  for  1890, 
vol.  2, 1891. 

i>Branncr,  J.  C,  The  bauxite  deposits  of  Arkansas:  Jour.  Geology,  vol.  5,  1897,  pp.  263-289. 

''Hayes.  (•.  W.,  The  Arkansas  bauxite  deposits:  Twenty-second  Ann.  Rept.  U.  S.  Oeol.  Survey, 
pt.  3,  1901,  pp.  440,  440,  and  454. 
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These  rocks  are,  for  the  most  part,  nearly  horizontal,  but  show  gentle 
folds  at  some  places,  while  at  others  they  are  somewhat  faulted. 

Ordovician  rocks  appear  also  in  an  area  south  of  the  Arkansas 
River  Valley,  in  the  Ouachita  Mountain  country.  In  this  region  they 
include  the  novaculites  and  the  rocks  immediately  underlying  them. 
They  are  exposed  in  portions  of  Pulaski,  Saline,  Garland,  Hot  Spring, 
Montgomery,  Polk,  and  Pike  counties.* 

The  Ouachita  Ordovician  rocks  are  composed  chiefly  of  novaculites 
and  shales.  They  have  been  pressed  together  from  the  north  and 
south,  so  that  the  beds  have  been  thrown  into  a  series  of  sharp  east- 
west  folds.  After  they  were  folded  erosion  cut  away  the  tops  of  the 
arches,  leaving  the  hard  novaculites  as  prominent  ridges  over  the 
whole  area. 

SILURIAN  SYSTEM. 

Silurian  rocks  are  known  only  in  the  northern  part  of  the  State. 
They  rest  conformably  on  beds  of  Ordovician  age,  but  have  been 
recognized  at  only  a  few  places — in  the  region  just  west  of  Batesville 
and  at  points  as  far  west  as  St.  Joe,  in  Searcy  County.  These 
Silurian  beds  are  limestones,  at  some  places  overlying  a  bed  of  shale 
of  probable  Ordovician  age.  The  areas  of  these  beds  are  too  small 
to  be  represented  on  the  accompanying  map  (PI.  I),  so  they  have 
been  mcluded  with  the  Ordovician. 

DEVONIAN  SYSTEM. 

The  Devonian  period  is  represented  by  beds  of  variable  character — 
in  some  places  a  black  shale,  in  others  a  sandstone  containing  phos- 
phate nodules.  The  thickness  of  the  shale  ranges  from  a  few  inches 
to  70  feet;  that  of  the  sandstone  ranges  from  5  to  75  feet.  These 
rocks  are  known  only  in  northern  Arkansas,  where  they  follow  the 
contact  between  the  Silurian  and  Carboniferous  rocks  from  near 
Batesville  westward  to  the  vicinity  of  St.  Joe,  in  Searcy  County. 
They  have  been  recognized  also  along  White  River  northeast  of 
Fayetteville,  and  in  the  northwest  comer  of  the  State,  at  Sulphur 
Springs,  where  both  shale  and  sandstone  are  well  developed.  Although 
the  phosphatic  nodules  occur  sparingly  in  places  in  the  lower  few 
inches  of  the  overlying  basal  Mississippian  limestones,  there  was  prob- 
ably a  break  in  sedimentation  between  the  two  formations,  and  the 
nodules  have  been  reworked  into  the  younger  beds  from  the  d6bris 
of  the  older.  This  formation  also  is  so  limited  that  it  is  mapped  with 
the  Ordovician  rocks. 

a  A  repoEt  on  this  area  by  L.  S.  Qriswold  appears  in  Ann.  Kept.  Gcol.  Survey  Arkansaa  for  1890, 
vol.  Z,  1801. 
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CARBONIFEROUS   SYSTEM. 

MISSISSIPPIAN    SERIES. 

Several  divisions  of  the  Mississippian  rocks  have  been  recognized 
in  Arkansas.  Brief  mention  is  made  of  each  of  these  owing  to  the 
important  bearing  which  the  limestones  and  shales  have  on  the  pro- 
duction of  clays  and,  consequently,  the  necessity  for  guidance  in 
identifying  the  formations  and  in  determining  their  areal  distribution. 

Boone  formation, — The  Boone  formation  consists  in  the  main  of 
a  series  of  cherty  limestones  and  cherts  that  has  been  known  as  the 
''Boone  chert,''  a  name  given  to  the  series  on  account  of  its  wide 
distribution  in  Boone  County.  Below  these  over  a  large  area  in  the 
northern  part  of  the  State  lies  the  St.  Joe  limestone  member  of  the 
fonnation,  a  well-marked  bed  of  gray  or  pink  crystalline  limestone, 
which  is  the  basal  Carboniferous  bed.  It  is  easily  recognized  by  its 
color,  texture,  and  its  marked  contrast  with  the  beds  that  usually 
underlie  it.  This  limestone  forms  an  almost  unbroken  outcrop  from 
the  vicinity  of  Mountain  View,  in  Stone  County,  to  the  State  line 
near  Seligman,  Mo.  Where  the  cherts  contain  much  limestone  they 
form,  on  decay,  a  very  fertile  soil.  The  fine  farms  of  Boone  County 
about  Harrison,  Valley  Springs,  Belfonte,  and  Rally  Hill  are  on  the 
"  Boone  chert."  This  formation  covers  the  greater  part  of  Benton 
County  and  the  northern  and  western  parts  of  Washington  County. 
Where  the  chert  is  comparatively  free  from  limestone  beds  the  soil 
is  too  meager  for  agriculture  and  forms  the  "flint  hills"  of  western 
Carroll  and  northern  Madison  counties  and  the  watersheds  north  of 
Marshall  and  southwest  of  Rush  Creek,  in  Marion  County,  and  the 
hilltops  about  Elixir  Springs,  Boone  County,  and  Doddsville,  Marion 
County. 

Moorefield  shale, — In  the  vicinity  of  Batesville  there  is  a  bed  of 
shale  lying  on  the  Boone  formation.  It  is  well  exposed  around 
Moorefield,  from  which  place  it  is  named.  In  that  locality  it  has  a 
thickne^ss  of  from  50  to  75  feet.  To  the  west,  at  Marshall,  it  is  not 
over  35  feet  thick,  and  evident! v  it  does  not  extend  much  farther 
westward.  The  shale  has  a  light  grayish  or  bluish  color  and  is  very 
frial)le.  In  places  it  is  sandy.  It  is  not  important,  but  is  described 
here  in  order  to  give  the  full  sequence  of  rocks  in  the  section  along 
the  northern  border  of  the  Boston  Mountains. 

Batesmlle  sandstone.—  Next  above  the  Moorefield  shale  is  the  Bates- 
ville sandstone,  so  named  from  the  town  of  Batesville,  which  is  built 
on  this  sandstone.  It  is  present  along  the  base  of  the  slopes  of  the 
isolated  hills  and  mountains  north  of  the  Boston  escaipment,  in 
Independence,  Stone,  Searcy,  Newton,  Boone,  Carroll,  Madison, 
Washingtcm,  and  Benton  counties.  The  rock  is  coarse,  cream-colored 
to  browTi,  often  false  bedded,  and  in  some  places  contains  beds  of 
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shale  interstratified  with  sandstone.  A  light  sandy  soil  results  from 
its  disintegration.  It  serves  as  an  excellent  reservoir,  for  the  wells 
that  penetrate  it  usually  find  in  it  an  abundance  of  good  soft  water. 

Fayettevitte  formoHon. — Next  above  the  Batesville  sandstone  He^ 
a  formation  consisting  principally  of  black  or  dark-gray  carbonaceous 
shale,  at  many  places  thinly  laminated.  Near  its  base  there  is  gen- 
erally a  thin  bed  of  hard,  dark  gray  or  blue  limestone,  while  its  middle 
part  commonly  grades  from  a  sandy  shale  to  a  true  sandstone,  and 
where  the  sandstone  phase  predominates  this  portion  of  the  forma- 
tion is  distinguished  as  the  Wedington  sandstone  member.  The 
shale  is  well  developed  in  the  valley  of  West  Fork  of  White  River 
near  Fayetteville,  from  which  it  is  named,  and  the  Wedington  sand- 
stone member  is  particularly  prominent  southwest  of  Fayetteville, 
in  Wedington  Mountain,  where  it  attains  a  thickness  of  150  feet — 
perhaps  one-half  the  total  thickness  of  the  formation.  The  softness 
of  the  shale  causes  it  to  erode  so  easily  that  its  outcrop  is  usually 
marked  by  a  valley.  Where  exposed,  the  shale  disintegrates  readily 
and  forms  a  black  and  fertile  soil.  The  composition  of  the  unweath- 
ered  shale  renders  it  suitable  material  for  brick  making.  The  shale 
beds  are  practically  constant  from  the  Oklahoma  line  to  Sulphur 
Rock,  east  of  Batesville. 

Pitkin  limestone, — Above  the  Fayetteville  shale  or  the  Wedington 
sandstone  in  northern  Arkansas  there  is  nearly  everywhere  a  thin, 
inconspicuous  bed  of  limestone — the  Pitkin — characterized  by  screw- 
like stems  of  the  fossil  bryozoan  Archimedes,  This  formation  is 
regarded  as  the  highest  in  the  Mississippian  series. 

PENNSYLVANIAN    SERIES. 

Morrow  formation, — Under  the  name  Morrow  formation  are 
included  several  beds  of  limestone,  sandstone,  and  shale  which  vary 
much  in  thickness,  arrangement,  and  character,  and  are  of  but  little 
topographic  prominence.  These  beds  lie  just  below  the  sandstone  of 
the  "Millstone  grit"  series  of  the  Arkansas  Survey,  and,  as  a  rule, 
form  the  middle  part  of  the  escarpment  of  the  Boston  Mountain 
range.  South  of  Batesville,  near  Jamestown,  these  beds  have  a  total 
thickness  of  about  200  feet,  while  in  a  section  in  the  north  face  of  the 
mountains,  south  of  Fayetteville,  they  are  about  400  feet  thick.  The 
soil  derived  from  them  is  highly  fertile,  but  the  land,  being  for  the 
most  part  very  precipitous,  is  so  badly  located  for  agricultural  pur- 
poses that  it  is  not  generally  cultivated.  It  possesses,  however,  a 
fine  timber  growth  and  several  available  limestone  beds. 

Winslow  formation, — The  Winslow  formation  lies  upon  the  Morrow 
formation  and  makes  the  summit  and  southern  slopes  of  the  Boston 
Mountains;  except  in  the  deeper  ravines  where  older  rocks  have  been 
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exposed.  Rocks  of  this  formation  also  occiir  on  the  tops  of  the  out- 
liers immediately  north  of  the  Boston  Moimtains. 

The  formation  consists  of  beds  of  sandstone  and  shale,  with  a  few 
thin  local  layers  of  limestone.  The  sandstone  beds  range  in  thick- 
ness from  3  feet  to  more  than  50  feet.  One  of  these  beds,  and  in 
places  two,  near  the  base  of  the  formation,  are  conglomeratic,  con- 
taining waterwom  quartz  pebbles  of  small  size.  These  gritty  beds 
at  and  near  the  base  of  the  Winslow  formation  were  described  by 
the  Arkansas  Geological  Survey  in  the  report  on  Washington  County 
as  the  ** Millstone  grit.'*  The  shales,  which  constitute  probably  75 
per  cent  of  the  formation,  are  as  a  rule  black  and  carbonaceous, 
though  less  so  than  the  shales  of  the  Morrow  formation.  Coal  occurs 
within  this  formation  but  only  in  beds  too  thin  to  be  profitably  worked. 
The  Winslow  formation  in  the  Boston  Moimtain  region  extends  up 
to  the  base  of  the  series  of  rocks  that  contain  the  workable  coal  beds 
in  the  Arkansas  coal  field,  and  its  total  thickness  is  estimated  to  be 
more  than  1,500  feet. 

South  of  the  Boston  Moimtains  the  Winslow  formation  is  repre- 
sented in  a  part  of  the  thick  series  of  sandstones  and  shales  that 
underlie  the  coal-bearing  rocks  in  the  Arkansas  coal  field.  This 
series  of  rocks  was  referred  to  in  the  publications  of  the  Arkansas 
Survey  as  the  ^*  Lower  or  Barren  Coal  Measiu'es."  The  uppermost 
formation  in  this  series  has  been  described  in  the  report  of  the  Arkan- 
sas coal  field  ^  and  in  publications  on  the  Indian  Territory  coal  field 
as  the  Atoka  formation.  This  formation  in  Oklahoma  and  Arkansas 
ranges  in  thickness  from  3,000  to  probably  5,000  feet.  Beneath  the 
Atoka  formation  there  are  other  formations  of  sandstone  and  shale 
of  probable  Pennsylvanian  age,  aggregating  12,000  to  15,000  feet  in 
thickness.*"  These  rocks  make  the  rugged  country  of  the  Ouachita 
Mountain  region  south  of  the  Arkansas  coal  field,  and  the  Arkansas 
River  Valley  east  of  the  coal  field  and  south  of  the  Boston  Mountains. 

In  the  study  of  the  fire  clays  and  clay  shales  of  the  State  the  shale 
beds  of  the  *^ Lower  or  Barren  Coal  Measures,^'  as  well  as  of  similar 
beds  in  the  productive  coal-bearing  rocks,  are  of  much  importance. 
In  the  region  of  the  Boston  Mountains  and  in  the  lower  region  of 
similar  formation  on  the  east  the  rocks  of  the  *^ Lower  Coal  Measures" 
lie  flat,  or  approximately  so,  and  their  outcrops  and  distribution  are 
thus  very  simple  and  are  easily  traced.  In  the  region  south  of  this 
area  of  horizontal  beds,  however,  the  same  rocks  are  thrown  into 
folds  that  become  more  and  more  abrupt  toward  the  south.  The 
upper  portions  of  these  folds  are  worn  away  by  erosion,  and  the  sand- 
stones are  left  as  ridges  while  the  soft  beds  of  shale  are  degraded. 

a  BuU.  U.  S.  Qeol.  Survey  No.  396, 1907. 

^Branner,  J.  C,  Tbloknesi  of  the  Faleosoic  aedlments  In  Arkanaas:  Am.  Jour.  Soi.,  4th  ser.,  vol.  2, 
1896,  pp.  229-236. 
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The  soil  derived  from  the  rocks  of  the  ''Lower  Coal  Measures/' 
being  deficient  in  lime  and  in  some  places  rather  thin,  is  only  moder- 
ately fertile. 

Hartshome  sandstone. — The  Hartshome  sandstone  lies  at  the  base 
of  the  productive  coal-bearing  rocks  of  the  Arkansas  coal  field.  It 
is  known  to  have  a  great  areal  extent,  and  is  found  cropping  out 
around  the  edges  of  the  coal-bearing  rocks  from  the  east  end  of  the 
Arkansas  coal  field  westward  into  Oklahoma.  It  is  100  to  300  feet 
thick,  and  contains  minor  beds  of  shale  in  its  central  and  upper  parts. 

McAlester  group, — Above  the  Hartshorne  sandstone  there  is  in  the 
productive  coal-bearing  rocks  a  series  of  shales  and  sandstones  with 
a  number  of  beds  of  workable  coal.  The  McAlester  group  is  divisible 
into  three  formations — (1)  a  lower,  known  as  the  Spadra  shale,  con- 
sisting of  three  or  more  beds  of  coal  and  minor  strata  of  sandstone; 
(2)  a  middle,  called  the  Fort  Smith  formation,  composed  chiefly  of 
sandstone  and  shaly  sandstone  beds  with  one  or  more  workable  beds 
of  coal;  (3)  an  upper,  described  as  the  Paris  shale,  consisting  partly 
of  beds  of  sandy  shale  with  some  sandstone  and  one  or  more  work- 
able beds  of  coal.     These  formations  of  the  McAlester  group  are 


Fxo.  1.— Ideal  section  across  folds  In  the  Carboniferous  rocks  of  western  Arkansas,    sh.  Shale; 

99,  sandstone. 

described  in  the  report  on  the  Arkansas  coal  field. «  The  Spadra 
shale  is  400  to  500  feet  thick,  the  Fort  Smith  formation  375  to  425 
feet,  and  the  Paris  shale  600  to  700  feet. 

Savanna  formaiion, — Overlying  the  McAlester  group  there  is  in  the 
productive  coal  series  a  -formation  consisting  of  several  sandstone 
members  separated  by  shales.  This  is  known  as  the  Savanna  for- 
mation. It  occurs  in  Arkansas  only  in  the  tops  and  upper  slopes  of 
Poteau,  Sugarloaf,  Short,  and  Magazine  mountains.  That  part  of 
the  Savanna  exposed  in  Arkansas  is  estimated  not  to  exceed  1,000 
feet,  and  constitutes  approximately  the  lower  two-thirds  of  the 
formation. 

The  rocks  of  this  formation,  as  well  as  the  other  rocks  of  the  produc- 
tive coal  series,  are  all  more  or  less  folded,  so  that  the  shale  outcrops 
depend  on  the  character  and  direction  of  these  folds  and  can  there- 
fore be  determined  only  after  a  study  of  the  structiu-e  of  the  region. 
It  can  be  said,  however,,  that  the  shale  outcrops  generally  lie  in  the 
valleys  parallel  to  the  ridges,  so  that  a  cross  section  of  the  region 
would  show  the  rocks  to  have  the  relations  shown  in  fig.  1. 

a  Ball.  U.  S.  Qeol.  Survey  No.  326, 1907. 
48136— Bull.  351—08 2 
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OCCURRENCES  PRECEDING  THE  CRETACEOUS. 

Deposition  of  the  rocks  from  the  Ordovieian  beds  to  those  of  the 
Pennsylvanian  took  place  over  the  same  general  area.  The  expo- 
sures of  the  Mississippian  and  the  rocks  below  that  horizon  have 
resulted  from  the  erosion  or  removal  of  rocks  that  once  overlay  them. 
Had  the  entire  area  of  the  State  continued  submerged  dxuing  Meso- 
zoic  time,  Triassic,  Jurassic,  and  Cretaceous  rocks  would  most  prob- 
ably be  f oxmd  to  overlie  the  Carboniferous  formations.  The  distri- 
bution of  the  Cretaceous  rocks,  however,  shows  that  at  the  close  of 
Carboniferous  time  a  large  area  became  dry  land,  and  that  the  shore 
of  the  Cretaceous  ocean  crossed  the  southwestern  part  of  the  State 
somewhere  below  th^  northern  border  of  the  Cretaceous  area  shown 
on  the  geologic  map  (PI.  I). 

CRETACEOUS   SYSTEM, 

Rocks  of  Cretaceous  age  occur  in  but  a  small  portion  of  the 
State.  They  are  present,  concealed  in  some  places  by  later  deposits, 
in  a  roughly  triangular  area  south  of  the  Ouachita  Mountains  and 
west  of  Arkadelphia.  The  Tertiary-Cretaceous  border  lies  slightly 
southeast  of  the  St.  Louis,  Iron  Moxmtain  and  Southern  Railway 
between  Arkadelphia  and  Texarkana.  The  rocks  are  not  folded  or 
bent,  but  dip  to  the  southeast  at  a  low  angle.  They  are  usually  uncon- 
solidated, contain  considerable  calcium  carbonate,  and  form,  on  decay, 
a  very  fertile  black  soil.  The  Cretaceous  deposits  have  been  described 
in  detail,  ^  so  that  they  need  not  be  further  mentioned  here,  except 
to  call  attention  to  the  fact  that  later  observations  have  shown  that 
the  Arkadelphia  shale  at  Arkadelphia  is  Cretaceous  and  not  Tertiary, 
as  was  originally  supposed.  Cretaceous  rocks  have  also  been  recog- 
nized at  a  few  places  north  of  Little  Rock. 

TERTIARY  SYSTEM.^ 

Clays,  sands,  and  gravels  of  Tertiary  age  cover  the  greater  part  of 
eastern  and  southern  Arkansas.  In  the  rocks  of  this  age  and  near 
their  base,  at  Benton  and  near  Malvern,  there  are  valuable  beds  of 
potter's  clays.  These  beds  dip  gently  to  the  southeast.  They  are 
all  more  or  less  sandy,  and  but  few  of  them  are  hard  and  consolidated. 
At  the  lignite  mines  of  Ouachita  County,  however,  some  of  the  sands 
are  indurated  to  ver\^  compact  sandstones,  and  at  some  places  in 
Crowleys  Ridge  they  form  the  hardest  of  quartzites.     Though  the 

a  Hill,  R.  T.,  Ann.  Rept.  Geol.  Survey  Arkansas  for  1888,  vol.  2,  pp.  66-174;  also  Tafl,  J.  A.,  The  chalk 
of  southwestern  Arkansas:  Twenty-second  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  3,  1901,  pp.  687-742; 
Branner,  J.  C,  The  cement  materials  of  southwest  Arkansas:  Trans.  Am.  Inst.  Min.  Eng.,  vol.  27, 
1898.  pp.  42-63. 

b  For  details  of  the  Tertiary  geology  of  the  State  see  The  Tertiary  geology  of  southern  Arkansks,  by 
0.  D.  Harris:  Ann.  Rept.  Geol.  Survey  Arkansas  for  1892,  vol.  2, 1804. 
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Tertiary  is  widespread  in  the  eastern  and  soutiiem  parts  of  the  State, 
it  is  at  many  places  overlain  by  a  thin  coating  of  Quaternary  deposits, 
so  that  the  true  character  of  the  Tertiary  beds  is  more  or  less  obscured. 
The  lignites  exposed  along  Saline  and  Ouachita  rivers,  the  marls 
exposed  at  White  Bluff  and  Red  Bluflf  on  Arkansas  River,  and  the 
shell  marl  on  Little  Crow  Creek,  St.  Francis  County,  are  all  Tertiary. 
The  hard  sandstones  in  Crowleys  Ridge  about  Gainesville  are  of  the 
same  age.^ 

QUATERNARY  SYSTEM. 

A  thin  sheet  of  sedimentary  materials,  consisting  of  sands,  clays, 
and  gravels,  cover  the  Tertiary  area  of  the  State  and  some  of  the 
adjacent  Paleozoic  rocks.  The  coimtry  lying  north  of  Arkansas 
River  and  east  of  the  Paleozoic  hills  belongs  to  the  Quaternary.  The 
lowest  strata  exposed  in  Crowleys  Ridge  belong  to  the  Eocene.  All 
the  river  bottoms  are  of  recent  origin,  while  the  loess  capping  Crowleys 
Ridge  and  likewise  the  river  terraces  and  second  bottoms  of  all  the 
important  streams  belong  to  the  Pleistocene.  The  waterwom  mate- 
rials that  cover  the  foothills  of  Lawrence,  Independence,  Pulaski, 
Saline,  Hot  Springs,  Clark,  Pike,  Howard,  and  Sevier  counties  are  of 
late  Tertiary  or  Pleistocene  age. 

aCall,  R.  E.,  The  geology  of  Crowleys  Ridge:  Ann.  Rept.  Geol.  Survey  Arkansas  for  1889,  vol.  2, 1891. 


CHAPTER  IL 

CHARACTER,  ORIGIN,  OCCURRENCE,  AND  USES  OF 

ARKANSAS  CLAYS.« 

CIiASSIFICATION  OP  THE  CIiAYS. 

No  shaqjly  defined  classification  of  the  common  clays  is  altogether 
satisfactory,  for  clay  is  not  a  definite  compound  nor  a  well-defined 
mineral  species,  and  the  qualities  and  values  of  clays  depend  upon 
physical  and  chemical  properties  which  vary  within  wide  limits,  so 
that  the  various  kinds  of  clay  grade  imperceptibly  into  one  another. 
The  clays  of  this  State  may  be  classified,  however,  with  reference  to 
their  mode  of  formation,  as:  (1)  Residual  clays,  (2)  clays  of  mechan- 
ical origin,  (3)  clays  and  kaolins  of  chemical  origin,  and  (4)  bauxite. 
They  will  be  briefly  discussed  in  this  order. 

RESIDUAL  CIiAYS, 

Clays  and  kaolins  are  chiefly  secondary  products  derived  either 
directly  or  indirectly  from  feldspathic  rocks — that  is,  from  rocks  com- 
posed either  entirely  or  largely  of  the  mineral  feldspar,  such  as  granite, 
syenite,  and  gneiss.  The  feldspathic  rocks  may  be  either  eniptives — 
that  is,  rocks  injected  in  a  molten  condition  from  below  into  or 
through  crevices  in  the  earth's  crust — or  they  may  be  the  crystalline 
rocks  that  imderlie  our  oldest  sedimentary  rocks.  Whenever  and 
wherever  these  rocks  occur  near  the  surface  they  decay — ^many  of 
them  very  slowly — and  form  kaolins  or  clays  containing  more  or  less 
impurities.  When  the  rocks  contain  little  else  than  feldspar,  or  when 
the  minerals  that  would  stain  or  otherwise  injure  kaolin  are  removed 
in  solution,  they  form,  on  decomposition,  kaolin  of  more  or  less  value; 
but  when  they  contain  considerable  quantities  of  iron,  manganese, 
or  other  discoloring  impurities  they  form  clays  of  various  colors. 
Such  cteys  and  kaolins  are  said  to  be  derived  directly  from  feldspathic 
rocks. 

The  precise  process  of  the  alteration  of  the  solid  syenites  of  the 
Fourche  Mountain  region  to  kaolins  and  clays  is  illustrated  by  the  fol- 
lowing analysis.  The  column  marked  ^^blue  syenite^'  shows  the  com- 
position of  the  original  unaltered  rock,  the  column  marked  ''decom- 

a  Persons  wishing  to  consult  other  works  on  clays  will  find  a  bibliography  of  theTiibWt  i«  tt«ii 
U.  S.  Geol.  Survey  No.  143, 1896;  a  second  edition  of  that  bibliography  was  published  bvth«  a  «,. 
lean  Ceramic  Society  at ColumbuB,  Ohio,  Inl906.  '  ^  ^"'''^  ^^  ^^^  Amer- 
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posed  blue  syenite"  showa  the  chemical  alteration  of  this  same  rock' 
in  process  of  decomposition,  while  the  column  headed  "kaolin"  shows 
the  last  stage  of  alteration  to  kaolin. 

Arudyia  of  putathite  (blae  tyeniU)  and  iU  decampoHlion  produeU. 
[Bnckftt  A  Smith,  aTulyiita.] 
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It  should  be  noted  that  the  changes  in  passing  from  syenite  to 
kaolin  consiBt  chiefly  in  the  absorption  of  water,  the  removal  of  ih© 
more  soluble  materials,  such  as  lime,  potash,  and  soda,  and  the  con- 
sequent increase  of  the  percentage  of  alumina. 

This  blue  ayenite  is  at  many  places  traversed  by  cracks  or  joints 
that  break  it  into  great  angular  fragments.    Water  charged  with 
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organic  acids  which  are  derived  from  decaying  vegetable  or  other 
organic  matter,  on  penetrating  these  cracks  causes  the  rock  to  decay, 
the  decomposition  processes  attacking  the  masses  at  first  along  th^e 
openings  and  then  extending  inward  until  only  a  rounded  bowlder  is 
left;  later  stiii  the  whole  mass  is  converted  into  clay,  the  soluble  parts 
of  the  rock  having  been  washed  out  by  the  percolating  water,  ^'ast 
quantities  of  clays  are  formed  in  tliis  way  by  the  decay  of  the  crj-s- 
talline  rocks,  and  no  doubt  such  decay  haa  been  going  on  since  the 
crust  of  the  earth  began  to  harden. 

Fig.  2,  sketched  in  the  railway  cut  3  miles  south  of  Little  Rock, 
illustrates  this  method  of  forming  clay,  the  clays  at  that  place  having 
been  derived  directly  from  the  syenites  by  decomposition. 

Bruno  Kerl"  holds  that  feldspar  may  even  be  decomposed  by 
water  alone  at  liigli  temperatures  and  under  strong  pressure,  yielding 


clay,  silicate  of  potash,  and  silicic  acid.  Carbonic  acid  may  produce 
similar  decomposition  at  ordinary  temperatures  and  without  pressure. 

Fig.  3  is  a  sketch  ma<!e  in  the  railway  cut  about  a  mile  west  of  the 
union  depot  at  T^ittie  Rock,  The  clays  at  the  top  of  the  ground  here 
are  simply  the  decayed  upturned  edges  of  the  shales  exposed  in  the 
railway  cut.     Deeper  down  the  shales  are  compact  and  undecomposed. 

The  tliin  vein  of  quarts  in  the  shale  evidenth'  once  passed  upward 
into  the  extension  of  the  shales,  but  as  the  shales  decayed  and  fonned 
a  soft  clay  the  quartz,  not  being  so  readily  attacked  by  weathering 
agents,  simply  broke  into  irr^ular  fragments  and  remained  in  the 
clay  or  shale  after  it  was  decomposed.  Any  other  insoluble  mate- 
rials in  the  shale,  such  as  sand,  would  thus  be  left  as  an  impurity  or 
grit  in  the  clay. 
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The  clay  in  this  place  is  derived  directly  from  the  shale.  But  the 
shale  itself  is  an  argillaceous  rock  which  was  originally  made  from 
clays  and  sediments  tliat  washed  down  from  land  where  some  of  the 
old  feldspathic  rocks  were  decaying  or  had  decayed.  This  residuary 
ciay  is  thus  derived  directly  from  shale,  but  indirectly  from  feld- 
spathic rocks. 

Fig,  4  shows  the  derivation  of  clay  from  limestone  by  decompo- 
sition, the  lime  of  the  rock  being  dissolved  out  and  carried  away,  the 
clay,  iron,  sand,  and  whatever  insoluble  impurities  the  rock  con- 
tained being  left  behind.  This  clay  is  of  a  deep  red  color.  It  con- 
tains some  fragments  of  the  limestone  from  which  it  is  derived — 
small  pieces  not  yet  completely  decomposed.  This  limestone  con- 
tains nodular  pieces  of  chert  or  flint,  and  as  these  do  not  decay,  or  at 
least  do  not  decay  so  rapidly  as  the  limestone,  they  are  left  a»  loose 
pieces  in  the  clay.     The  clay  in  tliis  case  comes  from  the  impurities 
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in  the  Umestone,  and  these  impurities,  in  so  far  as  they  form  clay, 
were  deposited  as  an  argillaceous  silt  with  the  calcareous  material 
that  forms  the  Umestone.  Tliis  will  serve  to  explain  at  once  the 
origin  of  the  clays  of  some  limestone  regions  and  the  great  )>1anket 
of  clay  found  over  most  limestone  regions,  as  well  as  tlmt  found 
in  caves  and  in  crevices  and  fissures  in  limestones. 

Claya  thus  formed  and  lying  where  they  originated  are  tlie  residue 
from  the  decay  of  some  hard  rock,  and  are  therefore  called  residuary 
clays.  Other  illustrations  might  be  given  to  show  how  clays  are 
derived  from  other  kinds  of  rocks  than  those  nientione<l,  but  these 
are  enough  to  show  what  is  meant  by  resitiuar^'  clays.  The  decom- 
position of  rocks  and  the  formation  of  residuary  clays  may  be  seen 
in  almost  every  part  of  the  elevate<l  portion  of  the  State, 

It  is  evident  that  the  clays  derived  from  any  of  the  rocks  men- 
tioned must  vary  more  or  less  among  themselves,  acconling  to  the 
amount  aD<l  character  of  the  insoluble  contents  uf  the  rocks  fi-om 
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which  they  ^re  derived.  Wherever  these  residuary  clays  are  ex- 
posed at  the  surface  they  are  usually  still  further  modified  by  weath- 
ering and  by  organic  agencies.  When  they  are  washed  into  streams, 
sorted  by  the  currents,  and  deposited  again  they  form  what  are 
known  as  redepojsited  clays. 

CliAYS  OF  MECHANICAL  ORIGIN. 

Clays  may  be  produced  by  grinding  to  a  fine  powder  any  rock  that 
will  produce  clay  upon  decomposition.  When  thus  pulverized  some 
of  these  rocks,  possibly  all  of  them,  become  more  highly  hydrated  or 
take  up  more  water  of  crystallization,*  a  change  which  is  probably 
explicable,  in  part  at  least,  upon  the  theory  that  much  more  rapid 
decomposition  is  produced  by  finely  dividing  the  material  so  as  to 
expose  a  very  large  surface  to  decomposing  agencies.  The  tritura- 
tion of  rock  fragments  dashed  against  one  another  either  by  the 
current  of  a  stream  or  by  the  action  of  waves  wears  the  fragments 
round,  forming  cobblestones,  pebbles,  sand,  and  mud.  More  mud 
than  sand  is  formed  in  this  operation — in  other  words,  the  greater 
part  of  the  material  passes  almost  directly  from  the  condition  of  a 
solid  rock  to  that  of  a  clay.  This  clay  is  carried  along  by  the  water 
until  the  current  is  checked,  when  it  gradually  sinks  to  the  bottom 
and  forms  a  bed  or  layer.  But  whether  the  argillaceous  sediments 
carried  into  the  sea  by  streams  are  of  mechanical  or  chemical  origin, 
they  all  go  to  form  new  beds  of  clays  over  the  bottom  of  the  sea. 
All  parts  of  the  earth's  surface  above  the  ocean's  level  are  being 
gradually  cut  down  by  the  slow  but  never-ceasing  processes  of 
weathering  and  erosion  and  are  carried  away  either  in  chemical  solu- 
tion or  in  mechanical  suspension.  In  this  process  of  degradation  the 
heavier  materials  are  left  behind  for  further  disintegration,  while  the 
lighter — that  is,  the  clays  and  fine  sands — are  carried  away  by 
streams.  This  mechanical  separation  by  water  goes  on  constantly, 
and  during  the  eons  of  geologic  time  the  results  of  such  agencies 
have  accumulated  until  they  have  ultimately  produced  an  impressive 
and  almost  incredible  total. 

KAOUN. 

The  distinction  between  clay  and  kaolin,  except  in  a  mineralogical 
sense,  is  an  arbitrary  one,  for  the  two  grade  imperceptibly  into  each 
other.  Both  kaolin  and  clay  are  derived  chiefly,  either  directly  or 
indirectly,  from  feldspathic  rocks  by  decomposition.  Kaolin  is  com- 
posed of  siUca,  alumina,  and  water,  usually  with  a  little  impurity, 
while  clay  has  the  same  constituents,  but  its  impurities  form  a  larger 
percentage  of  its  composition.     These  impurities  are  often  in  the 

o  Daubi^,  A.,  O(^>loglo  exp^rimcntale,  p.  252. 


OHAEACTEB,  ORIGIN,  OCCURRENCE,  AND  USES. 


36 


form  of  free  silica  or  fragmentary  quartz,  and  this  being  anhydrous 
an  analysis  of  the  material  shows  a  smaller  percentage  of  water  than 
is  found  in  the  purer  clay  or  kaolin.  Thus,  while  kaoUn  usually 
contains  about  12  per  cent  of  water,  the  clays  have  less  than  8  per 
cent.** 

Kaolin  deposits  may  originate  in  three  ways — (1)  by  the  alteration 
of  feldspar  in  place;  (2)  by  chemical  action  other  than  the  ordinary 
alteration  of  feldspar,  as  illustrated  by  rectorite;  (3)  by  the  washing 
down  and  redepositing  of  kaolin  formed  in  place.  The  great  bulk  of 
our  kaolins,  however,  are  derived  directly  from  feldspar.  The  proc- 
ess by  which  feldspar  or  feldspathic  rocks  are  changed  to  kaolin  is 
kaolinization.  Syenite,  which  is  generaUy  known  in  Arkansas  as 
"  granite/'  is  made  up  largely  of  feldspar,  and  when  the  feldspar  decom- 
poses, as  it  always  does  sooner  or  later,  it  forms  kaolin.  The  other 
ingredients  of  the  syenite,  however,  such  as  hornblende,  mica,  iron, 
pyrites,  and  quartz,  remain  in  the  residuary  material,  so  that  it  does 
not  form  pure,  clean  kaolin,  but  is  generally  an  impure  clay.  Below 
are  analyses  of  feldspar,  of  a  variety  of  Arkansas  syenite,  and  of  a 
syenite  partly  changed  into  clay. 

m 

Analy»e9  o/feldspar^  syeniUj  and  kaolin. 


SUIeft  (SIOi) 

AlnmUiA  (AlgOa) 

F\Mnle  cnkle  (IVsOf) . . . 
Ferrous  oxide  (FeO ) . . . 

LIiimiCCaO) 

Magncila  (IfffO) 

PotMdnm  (K«0) 

SodaCNasO) 

Phospborio  acid  (PaOs) 
Water 


Feldspar.a 


66.39 

18.13 

1.44 


.16 

.06 

8.51 

5l36 


.42 


Blue  sy- 
enite.* 


6a  08 

2a  76 

4.01 

.76 
2.62 

.80 
4.48 
&06 

.07 

.fiO 


100.47 


101. 07 


Decom- 
posed 
syenlte.ft 


25.n 
a  74 


.44 

Trace. 
1.96 
1.37 


5l85 


97.57 


Kaolin,  c 


46.27 

38.57 

1.36 


.34 
.25 
.23 
.37 


13.61 


101.00 


1  From  Fourche  Mountain,  Little  Rock.  Ark. 

6  From  Pulaski  County,  railway  cut  2  miles  north  of  Sweet  Ilome. 

«  From  sec.  9,  T.  1  S.,  R.  12  W. 

These  analyses  show  that  in  passing  through  the  process  of  decom- 
position from  a  hard  blue  syenite  to  a  kaolin  the  rock  loses  part  of 
aU  its  ingredients  except  alumina  and  water,  which  are  proportion- 
ately increased;  or  perhaps  it  would  be  better  to  say  that  the  removal 
in  sohition  of  some  of  the  constituents  leaves  others  predominant. 
The  change  from  feldspar  to  kaoHn  goes  still  further,  but  the  feldspar 
contains  less  iron  and  is  therefore  more  liable  to  end  in  a  clean  white 
kaolin  than  is  the  ordinary  rock. 

«  Of  oodne  no  rafireiioe  la  here  Intended  to  prophylUte  or  rectorite,  which  are  hydrous  silicates  of 
alnmina  and  contain  leas  than  8  per  cent  of  water.  Those  substances,  however,  are  not  likely  to  to 
mlatalDBn  for  oommon  clays. 
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POTTERY  CLAYS. 

By  pottery  clays  is  here  meant  such  as  are  commonly  used  in  the 
manufacture  of  crocks,  jars,  jugs,  and  chums  at  the  potteries  now 
in  operation,  and  not  the  poorer  kaoUns  that  might  be  used  for  similar 
purposes.  All  the  clays  of  the  State  that  are  or  have  been  used  for 
the  manufacture  of  pottery  are  grouped  here  under  the  head  of  pot- 
tery clays,  whether  or  not  they  are  available  for  other  and  more 
important  uses.  The  common  pottery  clays  of  Pulaski,  Hot  Spring, 
Saline,  Clark,  Hempstead,  and  Miller  counties,  and  those  in  other  of 
the  southeastern  and  eastern  counties  of  the  State,  are  all  of  sedimen- 
tary origin  and  of  Eocene  or  lower  Tertiary  age.  They  were  laid 
down  in  nearly  horizontal  beds,  w  hich  generally  dip  toward  the  south- 
east at  a  low  angle,  so  that  beds  that  outcrop  at  or  near  the  Paleozoic 
higlUands  lie  at  depths  that  become  greater  toward  the  southeast. 
In  nature  these  Tertiary  deposits  vary  from  coarse  sands  through 
earthy  marls  to  fine  plastic  clays.  Many  of  the  clay  beds  contain 
impressions  of  fossil  leaves  and  small  sticks  of  wood — materials  that 
evidently  sank,  with  the  clays  that  inclose  them,  to  the  bottoms  of 
the  swamps  or  lagoons  that  once  covered  this  region. 

While  the  pottery  clays  dip  to  the  southeast  and  gradually  descend 
to  greater  depths  beneath  the  surface,  the  beds  do  not  preserve 
throughout  the  characters  they  may  display  at  a  single  exposure.  It 
is  a  well-known  fact  in  geology  that  sedimentary  beds  may  vary  in 
character  and  thickness  from  one  point  to  another;  indeed,  they  are 
even  more  liable  to  vary  than  to  be  constant  in  thickness  and  charac- 
ter. So  while  the  pottery  clays  may  be  of  uniform  thickness  and 
quality  toward  the  southeast,  or  may  even  improve  in  quality  and 
increase  in  quantity,  it  must  not  be  inferred  that  this  is  proved.  It 
is  possible  that  they  form  lenticular  masses;  but  in  any  case,  those 
who  would  prospect  for  pottery  clays  wdthin  the  Tertiary  area  of  the 
State  would  do  well  to  bear  in  mind  their  structural  features  and 
their  possible  variations. 

Although  sediments  are  deposited  in  approximately  horizontal 
beds,  the  pottery  clays  about  Benton  and  elsewhere  in  the  Tertiary 
region  of  the  State  occur  as  fragmentary  beds  in  isolated  hills.  After 
the  Tertiarv  beds  had  been  laid  down  they  were  elevated,  so  that 
from  being  soft  muds  and  sands  at  the  bottom  of  the  sea  or  of  lagoons 
they  came  to  form  "  dry  land."  But  all  "  dry  land,"  or  all  of  the  crust 
of  the  earth  that  stands  uncovered  by  water,  is  subjected  to  eroding 
agencies  which  cut  it  down  and  wash  it  away,  leaving  its  surface 
scored  and  furrowed  by  gullies,  ravines,  and  valleys.  By  this  process 
the  beds  of  former  sediments  are  carried  away,  whether  they  be  sands, 
gravels,  or  clays,  while  over  the  surface  is  spread  out  a  thin  covering 
of  the  less  soluble  or  less  oortable  material. 
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GIiAY8  FOR  DRAIN  TIIjES. 

There  Is  no  lack  of  clay  in  this  State  available  for  the  manufacture 
of  good  drain  tiles.  The  light-blue  clays  through  the  country  lying 
between  Beebe  and  Kensett  and  thence  to  Judsonia,  and  between 
Kensett  and  West  Point,  in  White  County,  are  available  for  the  manu- 
facture of  tiles.  TJie  clays  about  Brinkley,  Monroe  County,  are  well 
adapted  to  tile  making.  Along  the  western  base  of  Crowlejrs  Ridge 
in  Phillips,  Lee,  and  St.  Francis  counties,  and  on  both  sides  of  the 
ridge  in  Cross,  Poinsett,  Craighead,  Greene,  and  Clay  counties,  these 
clays  are  abundant  and  of  excellent  quahty.  They  abound  also  along 
Bradshaw  and  Terre  Noir  creeks  in  Clark  County. 

In  the  counties  south  and  southeast  of  Little  Rock  clays  available 
for  tile  making  occur  both  as  surface  soils  in  the  valleys  (not  alluvial) 
and  in  the  widespread  stratified  Tertiary  beds  of  the  region. 

In  the  hilly  regions  north  of  the  Cretaceous  and  Tertiary  area  of 
the  State  drain  tiles  are  not  likely  to  come  into  demand  except,  per- 
haps, in  the  bottom  lands,  but  wherever  they  may  be  wanted  they 
can  be  made  from  the  brick  clays  that  have  accumulated  in  the 
valleys. 

Along  the  Petit  Jean  and  Fourche  le  Fevre  the  surface  soils  of  the 
lowlands  are  generally  available  for  tiles.  In  the  neighborhood  of 
Arkansas  River  tile-making  material  may  be  found  in  abundance  in 
the  terraces  of  brown  and  reddish  clays  that  he  just  outside  of  the 
"second  bottoms.''  Any  of  these  clays  will  be  improved  for  tile 
making  if  they  are  allowed  to  weather  through  a  winter. 

The  demand  for  drain  tiles  has  hitherto  been  so  limited  that  but 
little  work  has  been  done  in  manufacturing  them.  Whatever  bene- 
fits may  come  from  the  drainage  of  the  soil  are  either  unknown  to 
the  average  landowner  or  are  disregarded,  while  the  expense  of  pro- 
curing tiling  and  draining  has  acted  as  an  additional  drawback  to  the 
custom  of  underdraining  in  places  where  it  would  be  of  great  service. 
There  can  be  no  doubt,  however,  that  many  of  the  most  fertile  lands 
of  the  State  of  Arkansas  that  now  Ue  unused  could  be  brought  under 
cultivation  if  they  were  only  properly  drained.  The  custom  of  under- 
draining  must  necessarily  be  adopted  by  our  farmers  in  the  near 
future,  and  when  fairly  tried  it  will  soon  prove  its  own  importance 
on  certain  kinds  of  lands.  It  is  especially  true  of  the  lowlands  within 
the  Quaternary  area  of  the  State.  R.  E.  Call,  who  has  paid  especial 
attention  to  the  Crowleys  Ridge  region,  is  of  the  opinion  that  thou- 
sands of  square  miles  that  now  Ue  idle  along  White,  Cache,  L'Anguille, 
and  Arkansas  rivers  can  be  brought  under  profitable  cultivation  by 
some  system  of  underdraining. 
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BUCKSHOT  CliAYS. 

Character. — In  many  places  in  this  State  and  at  some  places  over 
a  great  many  square  miles,  both  in  the  Paleozoic  highlands  of  the 
western  part  of  the  State  and  in  the  Tertiary  and  Quaternary  low- 
lands of  the  east,  there  is  a  kind  of  clay,  usuaUy  of  an  ashen  color, 
but  often  mottled  red,  gray,  and  yellow,  that  contains  great  quanti- 
ties of  nodules  of  iron  (limonite)  varying  in  size  from  that  of  a  pin 
head  to  that  of  a  walnut.  This  is  one  of  the  soils  known  as  '' buck- 
shot" land,  a  name  doubtless  given  to  it  on  account  of  the  size  and 
form  of  these  nodules.^  The  nodules  at  some  places  lie  along  a 
broad  but  well-defined  line  at  a  uniform  depth  from  the  surface;  in 
others  their  depth  varies  greatly;  they  may  be  on  the  surface  or  may 
lie  as  deep  as  5  or  6  feet  below. 

Origin  of  the  '^Imckshof — ^The  process  by  which  these  nodules  are 
formed  seems  to  be  as  follows:  The  iron  was  originally  distributed 
through  the  uppermost  bed  of  the  surface  clay.  Vegetation  growing 
and  decaying  on  the  surface  furnished  vegetable  acids  to  waters  that 
penetrated  the  soil  and  dissolved  out  the  iron  from  the  upper  por- 
tions of  the  beds.  As  the  iron-charged  waters  penetrated  the  clays 
the  iron  was  precipitated  at  points  a  short  distance  below  the  surface 
to  form  the  buckshot  nodules.  These  nodules  are  never  very  abun- 
dant on  hillsides  or  steep  slopes,*  but  occur  for  the  most  part  on  gentle 
slopes  and  in  the  soils  of  the  "slashes"  or  flat  lands  on  which  the 
water  stands  or  has  stood  during  wet  seasons.  The  leaching  of  the 
iron  from  the  upper  beds  of  clay  leaves  them  usually  of  a  pale  ashen 
or  cream  color,  while  the  admixture  of  organic  matter  sometimes 
gives  them  a  leaden  color. 

Carbonic  acid  is  probably  one  of  the  most  active  agents  in  dissolv- 
ing the  iron  from  the  surface  soil  and  redepositing  it  at  lower  depths. 
But  on  descending  with  water  through  the  upper  layers,  so  long  as 
water  stands  upon  the  ground,  carbonic  acid  will  not  give  up  its  iron. 
If  it  should  pass  downward  the  iron  would  remain  in  solution,  and  if 
it  flowed  away  laterally  the  iron  would  be  precipitated  only  when 
the  water  came  near  the  surface.  It  therefore  seems  probable  that 
this  iron  remains  in  solution  until  the  wet  grounds  become  dry,  when 
it  is  precipitated  by  the  evaporation  of  the  water.  As  might  be 
expected  from  the  conditions  under  which  these  lumps  of  iron  are 
formed,  they  vary  in  size  and  in  their  distance  from  the  surface,  and 
the  bands  in  which  they  are  arranged  vary  in  thickness. 

a  In  Arkansas  another  kind  of  soil  is  also  known  as  buckshot  land.  The  latter  is  calcareous  ant, vial 
son  containing  considerable  clay.  Alter  betag  plowed  the  clods,  on  weathering  break  into  ««!» 
cuboldal  lumps,  which  appear  to  have  suggested  the  name  buckshot  by  their  size  rather  than  hv^fri 
shape.    This  soil  is  usually  very  fertile,  while  that  containing  the  limonite  nodules  is  rather^J^A 

5  At  Forrest  City  a  band  of  Umonlte  nodules  is  exposed  in  a  railway  cut  43  feet  ]>elow  th        !i 
This  probably  represents  the  ancient  soil  clt«»d  by  Chamberlln  and  SaUsbury  as  underlvimTt k"  ,     **' 
(See  Call's  report  on  The  geology  of  Crowleys  Ridge:  Ann.  Kept.  Oool.  Survey  Arkansas  fnr  i«^^   T^' 
p.  1.W,  and  H.  1,  fig.  2,  p.  206.)  °^*"  '^"^  ^889,  vol.  2. 
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Vsi*. — ^In  munr  pirts  <i  iht  Suae  TZissie  ':»ii(ksb  <i  rjkjy  tbre  's^v^d 
for  malring  commcm  bsic^L^  but  iiipt  att-  nic  T-f^rr  ^^X  Sfcdic^<!^  ^Ni 
such  use.  The  iron  hin^  cMBat  itferc  ifiiidk  fCKCf*  ir  iitt  rci^^.  «m 
the  clay  is  umh^  or  leas  trmldeBMiip  i^<  v^{c^  I'j  iikxic.  5:e  xbe  ii<>riilrs 
tear  the  hands  of  the  bnek  iiKddfc«>  auc  nax/^  cgi  iiie  sb-Sfs  •  'f  iLe 
molds  These  diffirahies  ccmid  far  ax^riM  tnr  cya^giing  cc  ^cTtt^nins: 
the  clay,  bat  it  is  doabtfol  viifdm'  iht  ttxpatat  k4  sdA  a  pr^ane^i:^ 
would  be  warranted  in  inalrTTig  ordinajy  lisric^^^ 

It  is  of  much  impcwtaDcie  to  find  titas  9c«ne  <ji  tbesae  k'viazid  ciays 
have  been  used  succeasfolly  in  tLe  umssniMiciPanr  ^A  P*:Knlai>i  /leme-nt 
at  Whiteclifls,  in  little  River  Coonnr.  In  reply  i<»  inqraines  about 
the  clajrs  emf^yed*  the  accieiajy  <4  tiie  «*mpany.  Mr.  W.  J.  Kf^Dy, 
kindly  fumidied  the  foDowing  infonnatic«i. : 


The  fiiBt  day  ve  uaed  ice  mtkritg  ccocsa  itk  lajam  irjsL  ibe-  5IL  J  SH.  §  jiE<    S-x 
T.  11  S.,  R.  29  W..  OD  tb?  vest  ad<-  ^.tf  Licdc  Brr«r,  liie  jmahrR^  -^  viiki;  i^  ^  i>B'  w^: 


jlno/ynt  q/'cmml-mifcnM?  'icy  vnowtf  {««i  Z/^I<f  /Titi^t  ib^vr  Whi£td\ft. 


SiO, 72  M 

Al/), n.&l 

FeP, 3.72 

CaO 20 

MgO 45 

Total  voladle 7. 53 

As  this  depoat  is  acruae  the  river  inom  the  v/^rk^,  ve  experiiDeDted  with  the  clay? 
on  the  east  nde  of  the  river  and  foond  a  bed  of  day  ooe-founh  of  a  mile  f^imth  of  the 
plant. 

The  bed  of  day  on  this  side  of  the  river  is  sevenl  acre?  in  extent  and  16  feet  thick 
in  the  SW.  \  SW.  \  sec.  36.  T.  11  S..  R.  29  W.    The  anal\'ri5  of  this  clay  U  as  fulluw?: 

AnaUfti*  of  brick  cUnf  mined  on  LiUle  Rir^r  ruar  Whiudiff^. 

SiO, 74.54 

AlaO, 14.47 

Fe,0, 1.79 

CaO 73 

MgO 41 

Total  volatile t>.26 

Alkalies  not  yet  determined. 

From  this  day  we  also  made  2,000,000  red  brick  in  1897  and  1898.  There  is  no 
stripping  whatever,  as  the  deposit  starts  at  the  purface.  We  have  a  narrow-gage  railix»ad 
from  the  plant  to  the  pit. 

THE  LOESS. 

The  loess  constitutes  the  upper  30  to  90  feet  of  the  higher  portions 
of  Crowleys  Ridge  from  Dee  post-office,  in  Craighead  County,  soutli- 
ward  to  Helena,  in  Phillips  County.  At  Helena  it  attains  its  maxi- 
mum thickness.  Throughout  the  areas  of  its  distribution,  both  in 
Arkansas  and  in  other  States,  it  usually  contains  large  numbers  of 
limy  concretions,  or  puppets,  which  are  highly  characteristic  of  its 
soils. 
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Throughout  the  region  it  covers  in  Arkansas  the  loess  may  be 
readily  recognized  by  its  fineness  and  by  its  light-yellow  or  buff  color. 
In  certain  localities  it  becomes  slightly  darker  in  color,  possibly  by 
reason  of  the  presence  of  organic  matter,  or  it  may  even  be  blotched 
with  dark-brown  and  reddish  colors.  Close  examination  of  these 
blotches  reveals  the  fact  that  the  color  is  due  to  a  superficial  coating 
of  iron  oxide  on  the  individual  grains. 

This  loess  is  especially  suited  to  the  manufacture  of  superior  grades 
of  brick.  Care  is  necessary  in  its  preparation  for  molding,  however, 
and  discrimination  is  required  in  respect  to  the  mixture  of  soils  from 
the  neighboring  hills.  Where  the  soils  of  the  hillsides  are  largely 
made  up  of  sands  and  gravels  derived  from  local  outcrops  of  the  Ter- 
tiary strata,  as  they  are  in  some  places  about  Jonesboro,  Harrisburg, 
Gainesville,  and  Wynne,  they  are  unsuited  to  the  manufacture  of 
good  brick.  At  other  localities,  notably  near  Marianna,  at  Forrest 
City,  and  at  La  Grange,  the  slopes  of  the  hills,  along  their  lower  mar- 
gin, contain  many  small  nodules  of  limonite,  which  render  the 
soils  less  valuable  for  brick  manufacture.  If  these  nodules  be  re- 
moved by  screening,  the  soils  can  be  used  successfully  in  brick  manu- 
facture. But  at  all  these  localities  there  are  abundant  deposits  of 
clean  loess  that  furnish  unlimited  opportunities  for  brickmaking. 

The  bricks  made  from  the  Crowleys  Ridge  loess  usually  bum  to  a 
good  color — cherry-red  for  hard,  and  a  lighter  shade  of  red  for  the  soft 
burned  ones. 

Near  Marianna,  in  the  SW.  J  SW.  }  sec.  19,  T.  2  N.,  R.  4  E.,  many 
acres  are  covered  by  a  peculiarly  colored  modification  of  the  loess, 
which  contains  a  higher  percentage  of  iron  oxide  than  the  typical 
loess.  It  is  a  very  fine  homogeneous  deposit  and  fills  the  lower  por- 
tion of  all  the  creeks,  ravines,  and  gullies  of  the  neighborhood.  It 
will  prove  a  superior  brick  clay  and  will  bum  to  a  rich,  uniform  red. 
It  is  well  adapted  to  the  manufacture  of  ornamental  front  and  pressed 
brick. 

The  hilly  country  north  of  Poinsett  County  differs  from  other  parts 
of  the  State  in  the  distribution  of  the  loess  and  its  relations  to  the  Ter- 
tiary strata.  The  loess  there  is  found  only  on  the  slopes  of  the  hill- 
sides or  on  the  low  spurs  of  the  ridge  wherever  they  extend  far  from 
its  main  mass,  and  it  is  there  a  less  prominent  geologic  feature  than 
it  is  in  the  country  south  of  Craighead  County.  In  this  hilly  country- 
its  relations  to  the  Tertiary  sands  and  gravels  are  such  that  in  most 
localities  the  loess  deposits  are  more  sandy  and  apparently  less  homo- 
geneous; the  quality  of  brick  that  may  be  made  from  this  soil,  while 
excellent,  will  not  be  so  fine  as  that  made  from  unmodified  loess. 

In  Memphis,  St.  Louis,  Des  Moines,  Council  Bluffs,  and  Ottumwa, 
Iowa;  Omaha,  Nebraska  City,  and  David  City,  Nebr.;  St.  Joseph, 
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and  Kansas  City,  Mo.,  and  other  cities  where  loess  soils  are  used  in 
brick  manufacture,  grinding  mills  are  employed  to  reduce  them  to 
the  finest  powder.  In  this  condition  they  are  fed  at  once  to  great 
dry-pressing  machines,  from  which  they  are  immediately  set  in  kilns. 
When  it  is  treated  thus,  or  in  a  similar  manner,  no  material  is  better 
suited  to  brick  manufacture.  The  processes  employed  in  brick  manu- 
facture must  be  varied  with  the  variation  in  the  nature  of  the  brick 
earth  used. 

SliOPE  SOILiS. 

At  all  points  along  the  ridge  country,  except  Helena,  the  reworked 
loess  is  commonly  employed  in  brick  manufacture.  It  occurs  on  the 
sides  and  at  the  foot  of  the  ridge.  The  soil  is  stripped  a  few  inches, 
to  remove  the  mass  of  vegetable  matter,  and  the  subsoil,  to  a  depth 
varying  from  1  to  5  feet,  is  used  for  brickmaking.  The  clay  is  thrown 
into  pits,  with  water,  and  allowed  to  stand  for  two  or  three  days  or 
a  week,  when  it  is  pugged.  It  is  then  molded  and  dried  in  the  usual 
manner. 

The  soils  and  clays  of  the  slopes  present  the  greatest  range  of  varia- 
tion in  character.  They  differ  greatly  within  short  distances,  at 
places  becoming  very  clayey,  at  others  sandy,  or  even  gravelly.  The 
variation  in  microscopic  appearance  is  due  to  the  relative  erosion, 
both  of  amount  and  rate,  to  which  the  various  strata  have  been  sub- 
jected. In  many  places,  as  at  Harrisburg,  in  Poinsett  County,  and 
at  Wynne,  in  Cross  County,  the  loess  soils  have  been  largely  removed 
by  erosion,  so  that  the  underlying  Tertiary  sands  have  been  exposed 
and  the  soils  of  the  slope  have  become  more  sandy  than  soils  of  the 
same  class  about  Forrest  City,  Marianna,  La  Grange,  and  Helena. 
The  characters  exhibited  appear  to  differ  locally,  also.  Where  the 
slope  is  rather  steep  the  clays  and  intermingled  sands  alike  are  eroded 
away,  having  been  carried  down  to  the  lower  lands  and  redeposited 
over  the  flat  country  as  a  thin  surface  soil  or  sandy  loam,  but  in 
situations  where  the  slope  is  less  marked  the  clays  alone  are  carried 
off,  while  the  sands  and  gravels  are  left  behind.  This  appears  to  be 
the  explanation  of  the  character  of  the  soils  along  all  that  portion 
of  the  ridge  country  or  slope  north  of  Jonesboro,  on  the  eastern  side 
of  the  ridge.  There  the  slope  of  the  ridge  is  gentle  and  the  conditions 
are  favorable  for  the  removal  of  the  clay.  But  on  the  west  slope  of 
the  ridge  from  Craighead  County  northward  to  the  Missouri  line  the 
slope  of  the  ridge  is  abrupt,  and  the  erosive  agents  carry  off  all  that 
is  movable,  whether  it  be  sand,  gravel,  or  clay.  These  are  again 
mixed  with  much  organic  matter  on  the  plains  below  and  immedi- 
ately adjoining  the  rjdge,  which  modify  the  soil. 

From  these  slope  soils  are  manufactured  most  or  all  of  the  bricks 
produced  at  Paragould,  Gainesville,  and  Jonesboro.     Commonly  only 
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a  few  inches  of  the  surface  soils  are  stripped  off  and  used,  care  being 
taken  not  to  go  too  deep  into  the  subsoil,  which  is  too  stiff  to  mold 
well  with  the  processes  employed,  and  which  is,  besides,  but  little 
different  from  the  ordinary  Umonitic  or  hardpan  clays  of  the  bottoms. 
This  soil  extends  out  from  the  ridge  toward  the  east,  surmounting 
the  low  divides  between  the  numerous  drainage  areas.  The  soils 
higher  up  in  the  hills  contain  more  loess  clay  and  less  limonite,  but 
commonly  more  sand. 

With  such  marked  differences  in  the  characters  of  the  slope  soils 
or  clay  at  localities  very  near  one  another,  it  is  not  surprising  that 
the  bricks  produced  exhibit  every  degree  of  color,  finish,  hardness, 
and  durability. 

CLAYS  AND  KAOLINS   OF  CHEMICAL  ORIGIN. 

It  has  been  stated  that  kaolin  was  derived  directly  by  decompo- 
sition of  feldspathic  rocks.  While  this  is  true  in  a  general  way,  all 
kaolin  is  not  made  in  this  way.  It  occurs  in  small  quantities  in 
regions  of  Paleozoic  rocks,  where  it  forms  thin  bands  or  fills  small 
pockets.  In  these  places  it  seems  to  have  been  formed  by  chemical 
action.  It  is  true  that  kaolin  is  practically  insoluble,  but  certain 
forms  of  silica  are  equally  insoluble,  yet  these  very  forms  are  soluble 
imder  certaLa  conditions  if  time  enough  is  allowed  for  solution.  The 
same  is  doubtless  true  of  kaolin,  otherwise  we  should  not  have  deposits 
which  are  far  removed  from  the  original  feldspathic  rocks  and  which 
can  be  explained  by  no  other  theory.  Either  kaolin  is  soluble  in 
some  substance  or  imder  certain  conditions  of  which  we  are  as  yet 
ignorant,  or  it  is  soluble  in  the  waters  that  usually  traverse  the  rocks 
when  plenty  of  time  is  allowed  for  reaction  to  take  place. 

In  any  case  the  kaolin  (newtonite)  found  in  small  pockets  in  the 
rocks  of  the  northern  part  of  the  State  was  not  deposited  as  a  sedi- 
ment as  were  the  shales  and  sandstones  and  limestones  of  that  r^on, 
nor  was  it  derived  by  decomposition  directly  from  feldspathic  rocks, 
but  it  is  a  sec<5ndary  deposit,  derived  by  chemical  action  from  the 
sedimentary  beds  above  and  about  it.«  The  same  is  true  of  rec- 
torite,  which  occurs  in  Garland  County. 

BAUXITE. 

The  pisolitic  clays  and  kaolins  associated  with  the  bauxites  of 
Arkansas,  in  so  far  as  their  origin  is  understood,  do  not  appear  to 
fall  under  any  of  the  foregoing  classes.  Their  composition  varies 
from  that  of  an  iron  ore  canying  55  per  cent  of  metallic  iron  to  that 
of  a  true  kaolin  with  but  little  or  no  iron.  In  some  places  they  pass 
by  gradual  transition  into  true  bauxite— that  is,,  a  hydrated  oxide  of 

a  See  Chapter  III  of  this  report,  p.  34.  '  "        " 
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alumina;  in  others  they  are  a  true  kaolin,  a  hydrous  silicate  of  alumina. 
In  Arkansas,  as  in  southern  France  and  in  Ireland,  where  similar 
deposits  occur,  they  are  associated  more  or  less  intimately  with 
eruptive  rocks.  They  occur  in  pockety  deposits  of  imcertain  dis- 
tribution, with  a  tendency  to  form  horizontal  lenticular  beds  varying 
greatly  in  thickness  as  well  as  in  character.  Their  origin  is  involved 
in  some  obscurity.^ 

•  The  most  oompreheiislve  report  on  Arkansas  bauxite  is  that  of  Dr.  C.  W.  Hayes,  published  In 
Twenty-first  Ann.  Kept.  U.  S.  Geol.  Survey,  1890-1900,  pt.  3,  pp.  441-472.  An  earlier  paper  by  J.  C. 
Branner  (Jour.  Geology,  vol.  5,  1897,  pp.  263-289)  contains  a  brief  bibliography  of  bauxite. 
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CHAPTER  IIL 

GEOLOGIC  AGE  AXD  GEOGRAPHIC  DISTRIBUTION  OF 

THE  CLAYS. 

CONDITIONS  OOTERNINO  DISTRIBITTION. 

The  distribution  of  clays  depends  on  the  distribution  of  the  geo- 
logic formations  from  which  they  are  derived,  and  hence  on  geologic 
structure.  From  what  has  been  said  of  the  origin  of  clays  it  will  be 
seen  that  their  distribution  throughout  the  State  must  necessarily 
depend  on  the  State's  geologic  history,  or  the  manner  and  order  in 
which  the  rocks  have  been  made  and  unmade.  Where  we  have  the 
crvstalhne  rocks,  which  vield  kaolin  on  decav,  there  we  may  look  for 
kaolins,  and  in  order  to  look  intelligently  we  must  know  the  distri- 
bution of  those  particular  rocks.  The  clay  shales  we  can  expect  to 
find  only  in  association  with  the  Paleozoic  rocks,  and  as  they  are 
abundant  in  the  rocks  of  the  Carboniferous  system  we  must  ascertain 
the  distribution  of  the  rocks  of  that  age.  The  Tertiary  and  Cretar- 
ceous  days  can  be  found  only  with  the  Tertiarv  and  Cretaceous  rocks, 
and  in  searching  for  them  it  is  essential  to  know  the  areas  of  these 
rocks  in  the  State,  the  position  in  which  they  lie,  the  character  of  the 
various  beds,  and  the  places  the  clays  occupy  in  the  series. 

These  instances  are  cited  for  the  purpose  of  showing  how  indis- 
pensable to  an  intelligent  search  for  clays  is  a  knowledge  of  geologic 
structure  and  the  areal  distribution  of  the  various  geol<^c  forma- 
tions. A  geologic  map  of  the  State  (PI.  I)  is  inserted  in  this  report 
for  the  purpose  of  furnishing  this  information. 

PALEOZOIC   CLAYS  AND   8HAL£8. 

The  clays  of  the  Paleozoic  areas  of  the  State  consist  of  shales  of 
Paleozi^ic  age  found  in  place,  ami  of  alluvial  or  other  clays  of  recent 
age  spread  over  the  lowlands.  The  clays  of  the  latter  class  are 
derived  inilirectly  from  the  Paleozoic  rocks  of  the  surrounding  r^ons 
antl  may  form  brick  earths  or  potteri-  clays. 

When  clays  are  subjecteii  to  a  great  pressure  for  a  long  time  they 
become  hanl  and  stonelike,  forming  what  are  known  as  shales  and 
slates.  Nearly  all  of  the  clays  of  Paleozoic  age  have  been  crushed 
umler  pressure  so  great  and  for  so  long  a  time  that  they  have  become 
thus  harvlened  into  shales. 

The  clay  shales  which  were  derivtnl  fnnn  the  wear  and  decay  of  other 
rocks  were  originally  deiK^teil  in  horizontal  UhIs  in  the  water  of  the 
34 
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ocean  or  of  bays  and  swamps,  and  if  they  are  now  thrown  into  folds, 
raised  into  mountains  thousands  of  feet  above  the  ocean,  and  hard- 
ened into  stone,  it  is  only  because  they  have  been  crushed  till  they 
are  hard,  pressed  laterally  into  folds,  and  elevated  imtil  they  stand 
high  above  their  original  positions.  Subaerial  erosion  has  subse- 
quently removed  much  accompanying  and  surrounding  material,  and 
in  places  these  shales  have  weathered  into  residuary  clays,  such  as 
have  been  described  on  page  20. 

The  clays  of  the  Paleozoic  regions  have  values  peculiarly  tneir 
own,  for  while  the  clays  of  the  Tertiary  area  of  the  State  are  especially 
well  adapted  to  the  manufacture  of  pottery,  those  of  the  Paleozoic 
regions  are  largely  adapted  to  the  production  of  fire  bricks,  sewer 
pipes,  and  paving  bricks. 

The  Paleozoic  rocks  have  furnished  the  greater  part  of  the  refrac- 
tory material  of  the  world.  These  clay  and  clay  shales  do  not  as  a 
rule  possess  as  high  refractory  properties  as  bauxite,  steatite,  graph- 
ite, or  magnesite,  but  the  latter  are  much  less  abundant  and  are  for 
this  reason  much  more  expensiv^e,  while  articles  made  from  clays  and 
shales  are  sufficiently  refractory  for  most  of  the  common  uses  for 
which  refractory  materials  are  employed,  and  the  abundance  and 
cheapness  of  such  clays  insure  for  them  a  constant  and  ever-increasing 
demand.  In  the  United  States  the  clays  and  clay  shales  of  the 
Carboniferous  rocks  are  extensively  used  for  certain  manufacturing 
purposes,  while  raw  clays  are  shipped  to  points  all  over  the  coimtry 
to  be  used  for  the  manufacture  of  retorts  and  furnace  linings  of 
special  forms. 

The  various  zinc-smelting  works  in  the  United  States  make  their 
own  retorts,  and  the  clays  used  for  this  purpose  are  brought  to  the 
reduction  works  from  well-known  Paleozoic  beds.  And  it  should  not 
be  forgotten  in  this  discussion  of  the  character  and  distribution  and 
uses  of  the  clays  of  this  class  that  their  value,  other  things  being 
equal,  is  determined  by  their  proximity  to  manufacturing  centers  and 
to  competing  lines  of  railway  transportation.  These  important  factors 
have  built  up  the  fire-clay  industries  of  St.  Louis  and  Cheltenham. 

The  St.  Louis,  Iron  Mountain  and  Southern  Railway  extends  along 
the  eastern  edge  of  the  Paleozoic  area  of  Arkansas  north  of  Arka- 
delphia.  The  southern  border  of  the  Paleozoic  runs  nearly  due  west 
from  a  point  on  Ouachita  River  a  few  miles  north  of  Arkadelphia. 

Within  this  Paleozoic  area  the  clays  and  clay  shales  are  unevenly 
distributed.  In  the  Ordovician  region,  lying  north  of  the  Boston 
Mountains,  shales  and  clays  of  value  are  much  less  abundant  than 
they  are  in  the  Boston  Mountains  and  in  the  Carboniferous  rocks 
farther  south.  Again,  in  the  Silurian  region  of  the  great  Ouachita 
anticline,  running  from  near  Little  Rock  to  the  Indian  Territory 
line,  in  Polk  County,  there  are  many  mountains  of  novacuhte  in 
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whicli  tlioro  aro  but  fow  valuable  beds  of  shale.  In  the  great  river 
bottoms  of  the  Arkansas  there  are  large  tracts  covered  by  river  silts 
that  aro  not.  available  for  the  manufacture  even  of  the  most  ordinary 
building  bricks.  However,  there  is  not  a  single  county  in  the  entire 
Palooxoic  an^a  in  which  fairly  good  brick  clays  may  not  be  found. 

CIIETACEOUS  AND  TERTIARY  CliAYS. 

It  is  only  for  the  sake  of  convenience  in  presentation  that  the  Cre- 
tactHJUs  aiul  Tertian*  olavs  of  the  State  are  here  treated  in  the  same 
chapter.  A  glance  at  the  geologic  map  of  Arkansas  accompanying 
this  n^iH>rt  (PI,  1)  sliows  that  rocks  of  Cretaceous  age  outcrop  over  a 
n^atively  small  part  of  the  State.*  They  are  found  in  only  about 
Steven  counties. 

During  Tertiary  tinu\  a  period  not  far  removed  from  the  present, 
gtH>K^ically,  a  large  part  of  the  State  of  Arkansas  was  covered  by 
the  iHH*an.  The  western  shore  of  the  Tertiarv  sea  entered  the  State 
\m  the  s^nnhwest  sinnewhere  in  the  vicinitv  of  lltima  Thule,  and 
[^as^nl  into  Mi:i^niri  near  the  hue  between  Clay  and  Fulton  coun- 
ties The  western  margin  of  the  Tertiary,  as  shown  on  the  geo- 
K^c  map  i,PK  1\  marks  appr\>ximately  the  old  shore  line.  With  the 
nonhera  Umits  of  this  sea  we  are  not  now  ix>ncemetl.  but  on  the  east 
it  extender!  nearly  to  Tenneesjee  River,  iwering  all  of  eastern  Arkan- 
sas, ^hile  alm\^i  all  the  State  of  Missi^i^ppi  lay  beneath  its  waters. 

All  ^aien?  that  riowtsl  into  this  Tertian-  sea  oanied  down  great 
v^uarititic"^  of  saiivis  and  clays,  just  as  tiv^^lay  sands  and  clays  are 
iy'irus:  carrievi  out  inio  the  i»uK  of  MexiiV  by  the  Misssizssippi  and  by 
all  :he  surfa^v  waters  that  tlow  into  it.  This  maienal  was  spread 
.*a:  ov^rr  :he  :!vv>r  of  ihe  sea  in  hevls  as  neariy  hv>rizontal  as  the  nature 
v-r  :he  S.^::ocv.  ar.vi  the  ourrenis  wvHiUi  ^vnnii.  and  with  them  were 
v;.-:*,r.':'v.  :h-'  >>.el!>  arJ.  K^r.t^s  v^f  azii:::als  that  Uvevl  and  died  in  the 
**i:cr  a:.:  :he  l»:-4Vf->  ai*.,:  s:e:r-s  ot  plaius  thai  were  floated  out  by 
■:  :■:  >:r^  ai-j:>.  l.dfc:c  r  :  r.^  lai.o,  v^  a^;  cUv^tevi  uriril  the  silt  of  that  ancient 
S-*  ?•--.::■*.  "'/T*  >:dLiv.ls  .^T>  tV:    a:  li::le  Kv.x'k    above  the  prcsent 

IV-  -^  :>->  .-ecrv^^^i.r.  or  :h^-  '.ar.v*  :he  Ter::^^-  olay  l^da^  of  the 
>■:*:.  *:-^-'  .>;c.v>i:>?v-.  ai'.i  :?..:•  .vr.-;::or^  ;::v>r  *hich  theoe  heds 
w-;  '  r'->^v:  si:.sr^:.*r'/-.'^   Avvv^:v.:  '\t  iSl^vT  v'har^K-recs;.  their  dfatri- 

S^v.>  .■   ^'^  c*-  >^<  *  -''A^  '\r'.-vr  .••.  ^Av.vc  "'^•"•^  ^"^  shoald  be 

>,.   ^  ..   .>  * -■>;. .'-.'   -vr-cc-  .-r  . . v  xa:v       '.>.^^  ^^^*•^.■'-.v£•JS  uooec  which 
.»^      A-..-;    .■i.fA>i  ^v      ■^^^v   >..      /...c    »v;»'.   ..v-^*-    .'vier  wfuaeh  the 
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clays  are  hard,  but  neither  are  they  geological!}'  ven-  old,  nor  have 
they  been  subjected  to  that  great  pressure  that  has  so  often  affected 
the  older  clay  beds  of  the  earth's  crust,  many  of  which  now  form 
shales  and  slates. 

The  Tertiary  geology  of  Arkansas  south  of  Arkansas  River  has 
been  described  in  detail  by  Prof.  Gilbert  D.  Harris,**  and  the  Ter- 
tiary and  later  beds  of  the  Crowleys  Ridge  region  of  northeastern 
Arkansas  by  Dr.  R.  E.  Call.''  The  present  report  does  not  under- 
take to  deal  with  questions  of  stratigraphy  within  the  Cretaceous, 
Tertiary,  and  Quaternary  areas,  except  in  so  far  as  they  relate  to 
the  details  of  the  clay  deposits. 

The  general  geology  of  the  Cretaceous  and  Tertiary  portions  of 
the  State  should  be  fairly  well  understood  by  those  who  have  to 
deal  with  the  clays  that  occur  in  those  formations.  The  Cretaceous 
beds  are  older  than  those  of  Tertiary  age,  which  they  imderlie. 
They  are  exposed  in  the  coimties  west  of  Arkadelphia,  namel}',  in 
Clark,  Nevada,  Pike,  Hempstead,  Howard,  Sevier,  and  Little  River. 
Everywhere  in  this  region  they  slope  gently  toward  the  southeast. 


c 


Fio.  5.— Section  at  Arkadelphia,  Ark.,  extending  from  a  point  near  the  Baptist  school  southward  to 
the  Iron  Mountain  Railway,    a,  b,  Sands;  c,  c',  Arkadelphia  shale;  d,  clay;  e,  (rravel. 

They  are  made  up  of  beds  of  chalk,  marl,  gypsum,  sandstone,  and 
clay.  The  clays  of  this  group,  however,  are  of  comparatively  small 
importance.  The  only  extensive  beds  noted  are  the  blue  clays  ex- 
posed near  the  railway  in  the  south  side  of  the  to^Ti  of  Arkadel- 
phia. These  clays  were  originally  called  the  Arkadelphia  shale  by 
Prof.  R.  T.  Hill  and  were  beheved  by  him  to  belong  to  the  Tertiary .<= 
Later,  however.  Prof.  G.  D.  Harris  found  that  they  belong  to  the 
Cretaceous.^ 

It  is  not  known  that  the  Arkadelphia  shale  has  any  economic 
value.  It  is  usually  so  interbedded  with  thin  laminsB  of  sand  that 
it  can  not  be  used  for  the  manufacture  of  pottery,  but  probably  this 
same  bed  may  elsewhere  be  suitable  for  the  manufacture  of  pottery 
or  available  as  fuller's  earth.  This  shale  bed  is  exposed  at  several 
places  about  the  town  of  Arkadelphia  and  also  on  the  upper  part  of 
Big  Deciper  Bluff  5  miles  southwest  of  the  town.  The  yellow 
sandy  clay  overlying  the  chalky  marl  on  the  Wright  place,  on  Little 

•  Ann.  Rept.  Geol.  Survey  Arkansas  for  1892,  vol.  2. 
b  Ann.  Rept.  Oeol.  Survey  Arkansas  for  1889,  vol.  2. 
eAnn.  Rept.  Geol.  Survey  Arkansas  for  1888,  vol.  2. 
dAnn.  Rept.  Geol.  Survey  Arkansas  for  1892,  vol.  2,  pp.  ll>-19. 
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Deciper  Crwk,  seems  to  be  the  same  shale  bed.  Professor  Harris 
has  identified  the  Arkadelphia  blue  shale  again  on  Mine  Creek,  near 
the  oKl  town  of  Nashville,  where  it  is  4  feet  thick." 

Within  the  Cretaceous  area  there  are  large  areas  covered  with 
buckshot  clays.  These  clays  are  not  of  Cretaceous  age,  but  are  much 
newer — Pleistocene  and  Recent — and  are  made  of  the  residue  of  any 
clay-bearing  strata  that  may  be  at  hand  after  the  decomposition  of 
the  underlying  rocks.  In  the  low,  flat  lands,  commonly  known  as 
^^slaslies/*  thin  l>eds  of  plastic  clays  are  found  at  places  where  acidu- 
lated waters  have  leached  the  iron  from  the  soil.  Some  small  pot- 
teries gt^t  their  clays  from  such  places.  The  supply  of  available  clays 
of  this  kind  is  uncertain,  and  most  of  the  areas  covered  by  them  are 
small.  Such  clays  occur  in  the  flat  lands  of  the  Cretaceous,  Ter- 
tiar\\  and  Quaternary  areas  of  the  State,  which,  however,  are  not 
alluvial  lands,  properly  speaking. 

Reference  has  been  made  to  the  waterwom  materials  that  occur 
in  the  Tertian'  region  of  southern  Arkansas.  This  material  is  at 
some  places  extremely  coarse,  made  up  of  cobbles  the  size  of  a  man's 
head  or  even  larger,  and  at  others  consists  of  pebbles  no  laiger  than 
a  hickon'  nut.  This  gravel  spreads  over  and  obscures  the  outcrops 
of  the  Tertian'  beils  throughout  the  region,  and  is  especially  thick 
along  the  fiK>tiuils  on  the  northwestern  margin  of  the  Tertiary  expo- 
sures In  tliickness  the  deposit  varies  greatly,  being  in  one  place 
onlv  a  few  inches  and  in  another  frv>m  25  to  40  feet  thick.  In  some 
places  it  has  a  tendency  to  accumulate  in  depressions:  in  others  it 
is  found  in  consiilerable  quantity  only  on  the  hilltoptSL  Inasmuch  as 
the  presence  of  iliis  waterwom  material  often  interferes  not  a  little 
with  pn>^pecting  for  p*.>iiery  olaj's  these  peculiaritie:^  of  its  diatribu- 
ib'TL  >h   iki  be  kept  in  mind  by  prvv>pei*tor^  and  clay  mineis^ 

The  pre!?erL^-e  in  the  pottery  clays  of  leaf  impre^ons  has  been 
=.«fn:i  zi?i.:.  A  <i:idll  ooIWtiou  of  these  was  made  and  sent  to  Lester 
F.  Wirl.  ■::'  :he  I'liirevi  States  OtvK^ical  Survey,  for  the  purpose 
:•:  isctfr^dirir^  wht^ther  they  thr^^w  any  light  up^^n  the  geologic  age 
of  :he<e  ■:lAy>.  Pri.^:e:?c>».^r  ^Yarvi's  cvniolusions  on  this  subject  are 
thi:  the  bevls  arv  prv^bably  U>wor  Tertiar>\  but  he  says  that  the 
>rec.:i:-er->  rr^.^tv.  :hi:^  Heru:ors*.>n  olay  pii.  north  of  Benton.  Saline 
Couv.:y  h^ve  si  verv  curious  aiui  sui:5:^-stive  resemblance  to  some 
oif  :h<e  Aiv.S.y  cUy  Icav^^,  *uvi  I  strvnt^lv  susjvct  that  you  have 
£^;::er,  iv.to  the  Cr\:*:a».'TvriS.  ' 

I:  ::<  ::i:er^^::v^  to  know  that  the  tvv^l  loaf  itupres^ows  from 
th^f^  cLavs  ar\*  i*rv>i\AbI\  *H  v^f  uo\i  s^^vu-s.  but  the  faoi  thai  they 
arv  u^w.  A>  l>\>:Vs5<*r  Wdtv.  :vii*ArK>t.  a^viva><-s  ;hoir  dia^:tK>«5tic  Twlne 
III  viocerrvj.iuv^  :ho  ^*^  ox  uio  vie^wsicj;.  I  he  a$^*  of  the  polterv 
ctAvs  svulo  uot  :her\'to;v.  \M*hout  !uotv  vv:Uvtitx^  at  letist.  be  decided 


«      V   ••!        .<.t'»        \    VV'i.     "^.^V.     ,       V     Xt    !.>,»■»     V.      .,VC     \^V     ^^    ;.    ►,    .V-^t. 
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by  the  fossil  plants  peculiar  to  the  beds  the;iiaelves.  Marine  fossils 
of  Eocene  age  have  been  found  east  of  the  Qi]i(c^ps  of  the  clays, 
howevOT,  at  Warren,  in  Bradley  County;  at  Mo^ticello,  in  Drew 
County;  at  Rison,  Kingsland,  and  about  New  Edinbjurgh,  in  Cleve- 
land County;  and  at  White  and  Red  Bluffs,  on  Arkansas'  River,  in 
Jefferson  County.  The  pottery  clay  beds  of  Saline  and  Hot  Spring 
counties  seem  to  dip  beneath  the  fossil-bearing  beds  mentioned 
above,  and  must  therefore  be  not  later  than  Eocene.  For  these 
reasons  these  beds  are  spoken  of  in  this  respect  as  being  of  'Ter- 
tiary age. 

With  this  understanding  of  the  general  characters,  age,  and  origin 
of  the  common  Tertiary  pottery  clays  of  the  State  we  may  take  up 
the  details  of  their  occurrence. 

The  Tertiary  clays  are  the  most  important  in  the  State  of  ArKansas. 
As  already  stated,  they,  with  their  accompanying  sands,  marls,  and 
organic  deposits,  underlie  a  large  part  of  the  State  east  and  south 
of  the  St.  Louis,  Iron  Mountain  and  Southern  Railway  south  of 
Arkansas  River.  North  of  this  and  east  of  the  Paleozoic  hills  the 
sediments  are  chiefly  Quaternary  deposits,  except  Crowleys  Ridge, 
the  lowest  part  of  which  is  Tertiary.  Most  of  the  beds  of  this  series 
were  laid  down  in  the  sea  when  it  extended  over  all  of  southern  and 
eastern  Arkansas  and  as  far  north  as  the  mouth  of  Ohio  River.  The 
sediments  that  were  washed  into  this  Tertiary  sea  sloped  gently 
toward  the  middle  of  the  gulf,  and  the  hardened  beds  they  formed, 
now  lifted  above  sea  level,  still  retain  that  slope.  During  Tertiary 
time  the  land  must  have  risen  from  beneath  the  water  more  than 
once,  for  we  have  at  many  places  beds  of  lignite  that  could  be  formed 
only  as  swamp  deposits.  After  the  lignites  had  been  formed  the 
land  was  again  depressed  and  covered  by  the  sea  and  the  accumu- 
lation of  sediments  continued.  Everywhere  over  the  area  those 
sediments  were  laid  down  in  beds  that  were  approximately  horizon- 
tal but  dipped  gently  seaward.  After  the  final  elevation  of  these 
beds  above  the  sea,  the  streams  carved  out  our  present  topography 
in  the  uppermost  of  the  Tertiary  beds. 

From  this  brief  sketch  it  will  be  seen  that  the  sediments  laid 
down  during  Tertiary  time  vary  from  place  to  place  in  thickness  and 
in  character,  just  as  any  marine  sediments  of  the  present  time  vary. 
Some  of  the  beds  are  clays  and  some  of  them  are  sands  and  gravels. 
The  fresh-water  or  land  deposits  also  vary,  just  as  such  deposits 
vary  at  the  present  time. 

The  fire  clays  of  the  Crowleys  Ridge  region  are  everywhere  asso- 
ciated with  beds  of  Tertiary  lignites,  which  outcrop  in  the  basins 
of  several  of  the  larger  streams.  Lignites  and  fire  clays  occur  in 
the  NE.  J  NE.  J  sec.  26,  T.  4  N.,  R.  4  E.;  NW.  J  SW.  J  sec.  8,  T. 
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n  X.,  R.  4  E,;  NE..+^Nlfi/J  sec.  20,  T.  10  N.,  R.  4  E.;  sec.  30,  T. 
16  X„  R.  5  E.;  and'ip^fec.  36,  T.  19  N.,  R.  6  E. 

Al  e«oh  of  th^ii%.lbcalities  the  fire  clays  underlie  the  lignite  beds, 
Aiid  friMu  this-relation  it  is  fair  to  infer  that  similar  clays  occur  under 
all  the  li^]h4\'beds  in  this  area.  No  attempts  have  been  made  to 
tisc*  rh^  vlkys  for  making  fire  bricks  or  tiles. 

Jn*;tlw  first -named  section,  which  is  in  St.  Francis  County  near 
•.rt«iSl>H»  (\>unty  line,  on  the  east  side  of  Crowleys  Ridge,  the  exposure 
'  i>  \\rll  \ip  in  the  hillside,  facing  a  small  ravine  tributary  to  St.  Francis 
Kiver  Tho  cliiy  is  fn>m  3  to  4  feet  thick,  but  is  difficult  of  access 
and  oxtonsivc  stripping  will  be  required  to  mine  it,  or  if  a  drift  be 
inndo  into  tho  hillside  it  will  require  timbering.  This  clay  is  light 
\\vtkh  in  oolor  when  wot,  but  it  dries  to  white  or  neariy  white. 

Tho  A.HsiHMAtion  of  lignite  and  fire  clays  serves  to  explain  the  light 
oolor  of  tho  olrtvs,  Annmd  all  the  lignite  deposits  in  the  Crowleys 
Kidj:t^  rt^ii\!\  thon*  an^  extensive  beds  of  blue  or  black  clays,  con- 
tuiuin^  soIoi\ito  crystals,  wliioh  pa^i^  into  these  light-colored  clays  by 
hmxih  (vivoptiblo  gradations,  Si>me  masses  of  lignite  detached 
fi\\n\  ^i^'al  UhIs  m^r  al  hand  are  imbeildeil  in  the  horizontally  strat- 
Uio\l  hhio  oUys  that  ovorlio  the  lignite  beiLsL  The  clays  in  contact 
\>iih  ihfVM^  n\iissivt  Hn^  lighter  ooloroti.  ^nne  of  them  almost  white, 
h»>  u>^  iip)>aivi\il\  Uvn  bK>aoluHi  by  the  action  of  the  oiganic  matter 
%vi  tho  h^uHo,  Tho  lighter  ivlor  of  the  underlying  fire  clays  is  due 
K^  tho  N»uio  pi\HHvssi>s,  i'^rganio  matter  that  finds  access  to  clays 
a^ui  !A\iU  acts  as  a  )v>\\oKul  discv>Iorixb:  agent:  fn>m  black  or  blue 
%\\  o\ou  (>si  tho>  kua>  Iv  changtxi  to  drab  or  while.  This  phenom- 
ouou  >x  woU  dhisti'atvst  alot\^  Oowvi^is  0>vk  in  Cnws  Counrr.  near 
1  ji  \  sv*\5Xio,  at  tho  Ivas^^  of  tho  gntVfc:  Av::o.r.  :here  exfMapd.  and  also 
AJoi>j:  iho  4Na>5^*  svf  tl\o  i'hovrx  Vailov  >*\'::oi:.  wherv  ihe  oig^uiic  matter 
;n  ;v,  ;^v  toitxx  x\(  U>a\\>s  auo,  o:5v:  v^f^Hi»:aK-e  .i^riuisw  In  Givene 
\\n,av.\  iv,  MV-  ^'^.'^^  V  l^^  N  .  K.  >  K. .  a::v.i  alv-c^  ^be  v4aT  K>ttonis  of 
ivv  \:i-,  ^^\\^.  at  *,ho  i\*4ir,  ^"Sr:v  :>.sr  V^-v.:??  rocr,:^^  :he  ba»  of  the 
,  :.:^  .V.  >nv   s<    r   U  \     K    4  K    si*,",jir  -.Wiv.^^iv.itfCA  ar^  lo  Ke  seen. 

N*  ^^.'s/t-s*   av.o-  v,ot.  :^:  *>fc;iyk  :Viv.  .:  .s  Ar.  ,*.\::s:c'.'c  :£  *he  uBileilyiDg 

.»    \*.     fc    '•  V  >*:    "voiv.   i\ts5c*.':^  ..'^v.^^r  .:   iT.*,'!.  ,r.:o  "sie  &%k  Uulfs 
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At  the  point  of  the  section  where  the  lignite  is  exposed  in  its 
greatest  thickness  3  or  more  feet  of  this  clay  appear  in  the  hillside 
facing  the  stream.  It  is  chocolate  brown  when  wet,  its  color  being 
due  to  the  presence  of  minute  particles  of  finely  divided  lignite,  for 
there  is  no  other  coloring  matter  present. 

The  third  locaUty  is  on  a  small  stream  known  as  Otter  Creek,  IJ 
miles  northwest  of  Bay  Village.  The  drab  fire  clay  is  about  2  feet 
thick  on  the  immediate  bank  of  the  stream.  The  clay  extends  over 
much  of  the  surrounding  region  and  is  of  comparatively  easy  access. 
It  has  been  put  to  no  use  thus  far. 

The  fourth  locality  is  in  Greene  County,  on  the  banks  of  Beech 
Creek,  where  the  fire  clays  are  indurated  into  a  soft  light-drab  «hale 
with  conchoidal  fracture.  It  passes  under  a  cultivated  field  near  the 
stream  to  the  west  and  disappears  in  the  high  hills  that  border  the 
creek  on  the  east. 

Above  the  clays  in  this  Beech  Creek  section  lie  indurated  and 
quartzitic  Tertiary  sandstones.  If  these  deposits  are  ever  deemed 
of  suflBicient  importance  to  work,  they  can  be  ground  so  that  they 
may  be  used.  The  outcrop  extends  for  a  long  distance  up  the  stream, 
and  there  is  no  doubt  that  these  clays  underlie  all  the  country 
immediately  adjoining. 

Another  locaUty  in  Greene  County  where  fire  clays  occur  is  south- 
west of  the  place  last  mentioned,  in  sec.  10,  T.  17  N.,  R.  4  E.  An 
analysis  of  this  clay  was  made  at  the  St.  Louis  Sampling  and  Testing 
Works  and  is  reported  as  follows: 

Analysis  of  clay  from  Greene  County. 

Moisture 17.64 

Combined  water  and  organic  matter 6. 63 

SiHca(SiO,) 70.43 

Alumina  (Xlfi^) 19. 15 

Lime(CaO) 52 

Magnesia  (MgO) Trace. 

Iron 1.70 

Alkalies L  84 


100.27 


The  clay  at  this  place  outcrops  on  the  side  of  a  hill,  in  a  ravine  near 
its  base,  and  may  be  connected  directly  with  that  found  at  the 
Lovelady  place,  in  sec.  30,  T.  18  N.,  R.  5  E.  It  could  be  employed 
in  the  manufacture  of  fire  bricks  of  ordinary  grades,  as  well  as  for 
sewer  pipes,  tile  work,  and  similar  uses. 

In  sec.  30,  T,  19  N.,  R.  6  E.,  there  is  a  deposit  of  fire  clay  in  the 
bank  of  a  small  stream.  Probably  the  same  bed  is  reached  in  a  well 
in  the  Cache  bottoms,  li  miles  farther  southwest.  These  beds 
appear  to  be  related  to  those  on  Beech  Creek  near  Lovelady.    They 
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aiv  of  (Iral)  color  and  are  exposed  in  the  stream  to  a  thickness  of  5 
f(H>t  or  nu>rt\ 

No  iH>ttery  clays  are  known  in  the  Crowleys  Ridge  region.  It  is 
probable,  however,  that  local  deposits  may  be  found  in  some  of  the 
It)w  gnnuuLs  of  the  slashes  of  the  region. 

TImnijjhoiit  the  Cn>wleys  Ridge  country,  wherever  erosion  has  gone 
dtH*p  (Munigh  to  reach  the  cross-bedded  Tertiary  sands,  it  has  exposed 
numenms  thin  undulating  strata  of  bright-red,  pink,  purple,  gray, 
white,  or  yellow  ix*hers.  In  certain  localities,  as  in  the  Prussian 
Jewish  CtMueter\-  at  Helena:  at  Double  Head  Bluff,  in  St.  Francis 
County:  at  Wittsbui^,  on  Wolf  Creek,  in  Poinsett  County;  at  Gaines- 
ville, in  GnH^ne  County,  and  at  Chalk  Bluffs,  in  Clay  Oaunty,  these 
ola>*s  arv  found  in  abundance.  Ci>mmonly,  however,  they  are  much 
interniixtHl  with  sanils  and  are  veiy  patchy  in  their  occurrence. 

The  only  uses  to  which  they  are  known  to  have  been  put  are  for 
j^iniin^  outbuildings  and  fences  and  in  dyeing  cloth.  Since  they  are 
so  Kval  in  ixvunrvnoe  and  are  commonly  found  in  small  quantities 
they  arv  not  Mieveil  to  pi^s^'ss  any  economic  value. 

Silio*  SiOi 71.17 

,0:'X-A   .U.O, 18.44 

F-rr.v-  :xi.ie  T^i^\      *  -  2. 77 

Ii=:«?   v'jO* 25 

3Li»nesa  >LcO 44 

*  "'-ni-tff?.  '? V  iif:^cvr.v.v 90 

1. -f?    c  aniTa.-c €.08 


IOOlOO 

_-_r-LrH-:  ?iL.T«i  i'  ju->-.irwv'  v\diy 14. 52 

1-  '.'z*^  --  d>i-»  iv  ;r.  :>.t*  wtv:  «\lp:^  ^^f  iho  villas^*  ^^  Gainesville  several 
:rr*r:    c  Tjjij^  :_;*>     ...Tv-r.  ;>^  ir,  :yvko:;>.     Thi:^r^^  is  xk^  o\^niinuous  deposit 

f    :  _■:   ::-■  -.v.v.vrvv.i:*'  \v::v,:>  v^:  :ho  v::lAa^\  :hv>u^  one  ooeius  in 
z^K  .    i  4s>.>>>  vjidkr  :r.;-  r\-<*.:\^*>  :-  s*v.  >.\  l\  IS  X..  K.  5  E.     In  this 

•  j>-'    :-V   vvA  :civ  v'.a\   v\vv,:n  *.r,  Iwis  :h*:  r^u«x  in  thickness 
--  v.  •  :    :  ?  iivS;^  Av.vl  A.Y  s^*;\*T^u\l  b\  cr\^t;5i-cvx:.wv!  while sanck. 

V:  "*V  :::C^.:T^:  -.h^^rv  is  Atvthcr  si^-.y^:;  ^-^  iv^v  v-Iav  which  k  chmrac- 
.;'-->  i.:*lS  >\*-v^>  A.v.  xw.i::v^  IV,  >\^5'.::u:::t\.  In  ^he  w«^  edge  of 
:>-f  ^  au>f  "  *  iv..V\  oAt^v,  ':->  'he  r^.\*xi>fc^y  iMvtuwr  to  Wynne, 
•,>..  -■  i.--  xx^-s  .n:  ;vi*,v  V  :a\  'h**,  a:v  :-  ;<asVs  *s  :-wh  *s^5  feet  thick. 
:-  .-:..r  ::vN  ^^ -^^  -v  -.  x> '-,,0  u^  o.vi-  r^v.  :h:\x;ar.  or*K  tyOov.  and 
•,-u  IV       V  >.v  v.sV  o.  .V  Av:  A-.,'  w-.K  v\x  .^c  :>.5s  \vA>::\  v^uMlraed 
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Anaiyns  of  pink  clay  from  WitUhurg. 
[Specimen  dried  at  110M15*  C.    R.  N.  Brackett,  analyst.] 

Silica  (SiO,) 69. 55 

Alununa  (AJ^O,) 15. 20 

Iron  oxide  (FejO,) 8. 10 

Liine(CaO) 58 

Magnesia  (MgO) 97 

Potaah  (KjO) 52 

Soda  (NajO) 50 

Phosphoric  acid  (P2O5) 20 

Loss  on  ignition 5. 72 

101.34 

Water  at  1 W-1 15*»  C 2. 24 

Air-dried  fine  white  sand 25. 48 

QUATERNARY  CLAYS. 

The  Quaternary  deposits  of  Arkansas  occupy  a  large  area  east  and 
south  of  the  Paleozoic  group.  South  of  Arkansas  River  these  depos- 
its, except  along  the  larger  streams,  are  comparatively  thin,  and 
between  them  lie  many  outcrops  of  the  underlying  Tertiary  and  Creta- 
ceous sediments.  North  of  Arkansas  River  the  Quaternary  deposits 
are  much  thicker.  Li  all  the  flat  country  of  northeastern  Arkansas 
Quaternary  deposits  completely  cover  all  the  older  formations.  Ter- 
tiary rocks  outcrop  along  the  base  and  sides  of  Crowleys  Ridge. 

Crowleys  Ridge  enters  the  State  in  Clay  County  and  runs  due 
south  to  Helena,  in  Phillips  County.  The  country  traversed  by  this 
ridge  is  low  and,  from  a  geologic  point  of  view,  somewhat  monoto- 
nous. Its  geology  as  related  to  the  clays  and  clay  industries  can  be 
presented  most  conveniently  by  a  brief  statement  of  the  geologic 
features  of  Crowleys  Ridge  itself. 

The  Quaternary  clays  of  the  Crowleys  Ridge  region  are  either  (1) 
loess  or  ridge  clays,  or  (2)  ridge-land  clays,  found  west  of  Crowleys 
Ridge. 

The  first  of  these  soil  and  clay  groups  is  found  mainly  on  the 
higher  portions  of  Crowleys  Ridge.  The  second  occurs  only  on  the 
more  elevated  portions  of  the  low  country,  but  its  chemistry  and 
distribution  present  certain  peculiar  and  interesting  facts  that  call 
for  its  separation  from  the  soils  of  the  lowlands  proper. 

From  Helena  nearly  to  Jonesboro  the  loess  is  the  characteristic 
soil  of  the  hi^er  portions  of  Crowleys  Ridge.  At  some  places  where 
ravines  are  eroded  along  the  eastern  margin  of  the  ridge,  at  right 
angles  to  its  trend,  this  material  forms  precipitous  walls,  the  bot- 
toms of  which  rest  on  gravels  and  sands.  In  other  localities  loess 
soils  overspread  the  slopes  of  the  hills  to  varying  depths.  These 
redeposited  loess  soils  are  not  so  homogeneous  as  the  undisturbed 
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portions  of  the  loess,  for  they  contain  more  or  less  gravel  and  sand, 
derived  from  the  neighboring  hills. 

The  Umonitic  buckshot  lands,  as  has  already  been  stated,  are 
widely  distributed,  for,  owing  to  the  method  of  their  formation,  they 
are  liable  to  be  made  wherever  the  conditions  indicated  exist.  There- 
fore the  buckshot  are  not  confined  to  clays  of  any  particular  age. 
The  conditions  most  favorable  for  their  formation,  however,  as  might 
b^  expected,  have  existed  and  still  exist  in  the  widespread  flat  Ter- 
tiary and  post-Tertiary  portions  of  the  State,  and  in  the  liardpan 
of  the  prairie  region.  "^ 

The  region  between  Crowleys  Ridge  and  White  River  is  diversified 
with  prairie  and  wooded  lowlands  and  traversed  by  low  ridges  which 
have  a  general  north-south  trend  parallel  to  the  drainage  lines. 
Though  they  stand  only  from  5  to  15  feet  above  the  general  level, 
the}'  nevertheless  constitute  a  remarkable  topographic  feature.  On 
these  ridges  several  towns  and  villages  are  located — Surroimded  Hill, 
Brinkley,  Wheatley,  and  Palestine,  for  example. 

The  geology  of  these  low  divides  is  not  positively  made  out.  The 
soils  which  usually  cap  them  are  entirely  different  from  those  which 
form  the  surface  of  the  distinctively  prairie  region.  It  is  commonly 
a  yellowish-brown  loam  resembling  the  loess  soils  of  Crowleys  Ridge, 
but  it  is  not  an  alluvium.  Beneath  it  are  the  buckshot  clays,  as  is 
shown  in  well  sections.  Extensive  deposits  of  this  loam  occur  in 
portions  of  sees.  10,  11,  14,  15,  and  22,  T.  3  N.,  R.  2  W.  The  ridge 
extends  awa^r  toward  Clarendon,  but  disappears  in  the  pine  flats  a 
few  miles  south. 

The  buckshot  clays  cover  nearly  all  the  country  contiguous  to  and 
west  of  Crowleys  Ridge.  They  also  form  a  narrow  belt  along  the 
eastern  edge  of  the  ridge  south  of  Poinsett  County;  but  this  eastern 
belt  entireh'  disappears  at  places  in  the  southern  portion  of  the  ridge. 
These  clays  have  been  noted  at  but  few  places  in  the  country  east  of 
St.  Francis  River,  where  tlie  lands  are  composed  mainly  of  alluvium, 
and  are  in  great  part  subject  to  periodic  overflows.  In  the  region 
west  of  the  ridge  these  clays  constitute  all  the  second  bottoms 
along  L'Anguille,  Cache,  and  Wliite  rivers,  and  at  many  places  along 
those  streams  they  appear  from  beneath  the  alluvium.  This  state- 
ment holds  also  for  the  Wliite  River  region  south  of  the  Bald  Knob 
and  Memphis  branch  of  the  Iron  Mountain  and  Southern  Railway. 
The  entirt^  prairie  rt^gion  of  St.  Francis.  Cross,  and  Poinsett  counties 
is  underlam  by  this  soil.  Farther  west,  in  Woodniff,  Monroe,  Prairie, 
and  lAinoke  counties,  it  i:*  comniouly  obser>'ed  either  in  the  washes 
on  the  prairies  or  in  the  **  post -oak  slashes"  of  that  region,  and  is 
penetrated  in  all  well  s*»ctions.  All  the  post-oak  n^gions  of  the  Crow- 
leys Ridgt^  art^a  aiv  characteri/AMl  by  soil  of  this  sort.  In  some  local- 
ities, as  at   Forn-st  City.  Mariaima,  Jonesboro.  and  Paragould,  it 
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ascends  the  slopes  of  the  hills  a  number  of  feet  (at  some  places'-tts 
much  as  40  feet)  above  the  general  level  of  the  surrounding  regicjii. 
It  occurs  also  in  occasional  small  basins  at  the  very  top  of  the  ridge, 
but  is*.lhere  mixed  with  loess  and  is  not  so  sandy  as  it  is  in  the  low- 
lands. In  many  localities  in  the  Cache  and  L'Anguille  bottoms  it 
rises  to  the  surface  and  forms  the  soil  over  extensive  areas. 

The  buckshot  clay  is  commonly  a  light-gray  sandy  clay,  nearly 
impervious  to  water,  containing  an  abundance  of  small  nodules  of 
limonite.  There  are  usually  several  thousand  of  these  little  nodules 
to  the  cubic  foot  of  earth.  At  many  locaUties  the  clay  is  removed 
from  the  soil,  or  it  never  was  present,  so  that  the  soil  now  consists  of 
only  the  coarser  sands  and  the  Umonite.  These  nodules  lie  in  count- 
less thousands  on  the  surface,  giving  a  characteristic  lumpy  surface 
to  the  soil,  which,  where  they  so  occur,  is  too  poor  to  support  even  a 
scanty  vegetation.  Along  the  borders  of  some  streams  and  ravines 
the  nodules  have  weathered  out  to  form  layers  a  foot  or  more  in 
thickness,  notably  at  the  mouth  of  England  Creek  (in  the  NE.  \ 
SW.  J  sec.  19,  T.  10  N.,  R.  4  E.)  and  in  the  valley  of  Big  Creek 
about  Jonesboro. 

In  general,  then,  it  may  be  said  this  limonitic  hardpan,  or  buck- 
shot, is  found  over  all  the  low  country  for  50  miles  or  more  west  of 
Crowleys  I(idge.  On  the  east  of  the  ridge  it  is  but  a  narrow  fringe 
along  its  base  below  Poinsett  County,  but  north  of  this  county  it 
spreads  over  the  whole  region  as  a  subsoil,  in  places  rising  to  the  sur- 
face and  varying  in  depth  from  3  to  7  feet.  It  extends  eastward  to 
the  aUuvial  bottoms  of  the  St.  Francis.  Along  Cache  River  in 
Greene  and  Clay  coimties  much  of  the  land  is  made  up  of  these 
slashes  or  buckshot  soil. 

This  buckshot  soil  is  used  at  Jonesboro,  Gainesville,  Paragould, 
and  Rector  for  the  manufacture  of  bricks,  but  it  is  ill  suited  for  this 
purpose.  The  limonite  is  reduced  to  metallic  iron  in  the  parts  of  the 
kiln  next  to  or  near  the  fire,  and  this  gives  the  bricks  a  black,  spotted 
appearance,  which  contrasts  unpleasantly  with  the  color  of  the  body 
of  the  brick.  In  the  yards  employing  this  brick  earth  tlie  processes 
of  molding  are  crude  and  none  of  the  higher  grades  of  machinery 
are  in  use;  aU  the  bricks  are  hand  molded  and  none  are  re-pressed. 

REMARKS   ON  THE  ANALYSES. 

Comparison  of  the  analyses  given  in  the  table  on  pages  236-237 
will  help  to  an  understanding  of  the  colors  of  the  bricks  made  in  the 
region.  Clay  for  making  bricks  of  good  red  color  should  ccmtain 
iron;  clay  for  brown  bricks  should  contain  manganese.  The  brick 
earths  from  Paragould  and  Jonesboro  and  one  sample  from  Harris- 
burg  contain  most  manganese;  the  others  contain  but  a  trace  or  none 
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of  it.  The  rich  colors  of  the  Jonesboro-Paragould  bricks  therefore 
seem  to  be  due  to  these  two  substaaces.  Clays  that  are  deficient  in 
both  these  substances,  or  that  contain  one  of  them  in  lumps — as  the 
soil  from  the  buckshot  land  at  Harrisburg — ^will  make  bricks  of  poor 
color,  which,  however,  may  be  modified  or  improved  by  the  addition 
of  soils  containing  iron  or  manganese. 

The  colors  of  bricks  depend  also  on  the  degree  of  heat  to  which  the 
kilns  are  raised  and  the  chemical  combination  of  the  iron  or  man- 
ganese. Careful  manufacturers  of  bricks  keep  close  watch  on  these 
important  factors  and  produce  bricks  of  uniform  color  and  hardness. 
In  tlie  Crowleys  Ridge  region  the  refinements  of  brick  manufacture 
have  not  been  attempted,  although  the  loess  soils  foimd  there  are 
preeminently  suited  to  the  production  of  fine  brick. 


CHAPTER  IV. 
REPORT  BY  COUNTIES. 

ARKANSAS   COUNTY. 

The  southern  portion  of  Arkansas  County  lies  in  the  flat  bottom 
lands  of  White  and  Arkansas  rivers.  The  central  and  northern 
parts  are  higher.  All  the  large  streams  of  the  county  flow  souths 
Between  the  streams  are  gently  rolling  prairies,  which  vary  in  width 
from  2  to  15  miles.  The  Stuttgart  and  Arkansas  River  Railroad 
follows  the  main  ridge  or  prairie  land  from' Stuttgart  to  Gillett.  The 
ridge  ends  about  5  miles  south  of  Gillett. 

The  prairie  or  ridge  land  in  the  northern  part  of  the  county  extends 
eastward  to  White  River.  From  near  Searcy  to  Crocketts  Bluff,  in 
Arkansas  County,  a  series  of  bluffs  or  steep  banks  extend  along  the 
west  side  of  White  River.  The  character  of  the  country  along  the 
river  is  made  apparent  by  such  names  as  Devall  Bluff,  Mount  Adams, 
and  Crocketts  BluflF.  South  of  Crocketts  Bluff  the  high  bank  on 
the  west  side  of  White  River  gradually  falls  away  into  low  bottom 
lands. 

The  soils  of  the  county  fall  naturally  into  two  groups — (1)  the  allu- 
vial sandy  soils  along  the  rivers  and  large  streams  and  (2)  the  prairie 
soils.  The  soils  of  the  prairie  lands  are  reddish  to  gray  clay,  which 
has  a  maximum  thickness  of  30  feet.  Below  the  surface  clay  comes  a 
bed  of  quicksand,  or  common  fine  sand,  which  furnishes  the  water 
supply  for  the  shallow  wells  of  the  district. 

The  following  well  record  at  Stuttgart  gives  the  characteristic 
strata  of  the  prairie  lands : 

Section  of  strata  at  Stuttgart, 

Feet. 

Drab-colored  clay 1-  IJ 

Red  to  brownish  clay 8-10 

Reddish  sand 3-15 

Red  or  blue  clay,  locally  called  HoapHtono S-15 

Gray  quicksand 3-30 

Gravel,  water  bearing 3-12 

Quicksand (?) 

Clay (?) 

A  bed  of  lignite  is  found  at  many  places  just  above  the  bed  of 
gravel. 

The  only  clay  product  manufactured  in  the  county  is  common 
building  brick,  made  from  the  surface  red  clay  at  Stuttgart. 

47 


48  THE   CLAYS   OF   AKKANSAS. 

ASHLEY  COUNTY- 

The  nK'ks  all  through  the  higher  parts  of  the  county  belong  to  the 
K(Hu»fio  (Tertiary).  The  lowlands  along  Saline  River,  on  the  west 
and  vimt  of  Overflow  Creek,  and  along  Bayou  Bartholomew  are 
mostly  alluvial  lands,  where  only  brick  clays  may  be  looked  for;  or 
they  an^  ''slashes,*'  where  occasional  pockets  or  thin  beds  of  common 
pott<»ry  clays  may  be  found. 

Th^i  l)<»ds  of  the  higher  portions  of  the  county  are  nearly  horizontal 
and  consist,  for  the  most  part,  of  sands  and  clays  in  various  combma- 
lions  and  (K^casicmal  beds  of  lignite. 

The  well  sunk  at  the  court-house  at  Hamburg  is  said  to  have 
piuMCMJ  through  the  following  section : 

Sfction  in  well  at  Hamburg, 

Feet. 

Suiuly  H<»il 3-4 

Not  n'n)r<l<'<l 23 

Whili'  pi|M*  <'lay 10 

Rod  rhiy 3-6 

Wliiti'  (|u;irt/  niiuI 20 

l*r)>l)lc  IxmI. 

The  pi|M<i  clay  of  this  well  section  suggests  that  valuable  clays 
niny  be  found  at  some  places  in  Ashley  County,  probably  on  slopes 
wluMi*  tiio  stivams  have  cut  deep  into  the  soil.  They  wiD  probably 
he  foniid  also  in  the  deep  wells. 

(J.  D.  Ilanis,  while  working  on  the  geologj'  of  Ashley  County,  was 
informed  that  in  tiie  wells  ''  a  blue  or  light -gray  clay  occurs  to  a  depth 
of  10  fei^t .  Tills  elay  contains  some  leaf  impressions."  The  character 
of  )>hint -hearing  clays  found  in  other  counties  in  ^J'kansas  suggests 
tinit  (lie  elays  may  be  available  for  making  potteiy  and  for  other 
purposes. 

'i'lu»  only  elay-working  inihistr^*  in  -.Vshley  County  is  a  conmion 
hrirk  plant  run  by  Xolly  Bn>thei's  at  Hamburg. 

liHAOI-EY   COUNTY. 

The  northern  and  western  part  of  Bradley  County  is  a  rolling 
rounlrv  whieii  slopes  irraduallv  lowanl  the  bottom  lands  of  Ouaeliita 
l{i\er.  On  the  easi  iho  huuls  tln>p  away  rather  abruptly  toward 
Suhne  ixiver.  Alonsr  the  lar^^r  stn\Hms — the  Ouachita,  the  Moro, 
and  I  he  Saline  the  soils  an^  mostly  alluvial,  and  the  original  Tertiaiy 
f.iMJiinrniarx  ImhU  art*  e\jvst»d  at  only  a  few  places.  G.  D.  Harris 
■  >iMii".  I  hat  "the  undisturbed  TeriiarA"  dejx^sits  of  Bradley  County 
i'ltn-.i.l  of  iii'.hi  ioloivii  licniiir  I'lavs.  usuallv  intermixed  with  more  or 
le-. .  Iij'lii  ri»liMvd  sili^'oov.s  sar.ii.  Biuisl;  or  Mack  elay  is  occasionally 
niiM  \Mth  in  dii^jriui:  or  l^^rir.^:  ^^olls.  ar»ii  :hor^^  is  some  pure  Iq^nite."' 
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He  found  gray  clays  exposed  on  the  road  running  north  from  Johns- 
ville  toward  Warren  and  4  or  5  miles  from  the  former  town.  He  gives 
the  following  record  of  the  well  of  Lee  Hammaker,  in  sec.  8,  T.  12  S., 
R.  6  W,: 

Record  of  well  of  Lee  Hammaker. 

Feet. 

Light,  even-bedded  clay. : 28 

Clay  ironstone 2 

Reddish-white  and  yellow  clay 5 

Blue  fossiliferous  clay 6 

Clay  ironstone 1 

Black  sand  with  water 5 

At  Alga  Bluff,  on  Saline  River,  in  sec.  21,  T.  13  S.,  R.  9  W.,  a 
section  about  75  feet  thick  is  exposed.  The  lower  half  of  this  section 
contains  two  thin  beds  of  lignite  and  two  beds  of  clay — one  3  feet 
thick,  between  the  beds  of  lignite,  the  other  16  feet  thick,  overlying 
the  upper  bed  of  lignite.  These  clays  have  not  been  examined 
chemically,  but  they  are  worthy  of  examination  and  practical  tests. 

At  Crawfords  Bluff,  on  Saline  River,  beds  of  lignitic  clay  are 
exposed  again.  In  the  region  between  Johnsville  and  Long  View, 
wherever  the  drainage  has  cut  deep  channels,  these  lignitic  potter^s 
clays  are  to  be  looked  for  beneath  the  heavy  gravels. 

About  one-half  mile  west  of  the  point  where  the  railway  from 
Monticello  to  Warren  crosses  Saline  River  the  railway  cuts  a  terrace- 
like ridge.  The  upper  4  feet  exposed  in  this  cut  is  a  bright-red  soil, 
and  the  underlying  bed  is  purple  clay. 

About  Warren  the  surface  loam  is  in  many  places  adapted  to  brick- 
making,  but  so  far  as  could  be  learned  no  clays  of  importance  beyond 
the  brick  earths  have  been  found  in  the  immediate  neighborhood. 
The  Tertiary  (Eocene)  fossiliferous  beds  are  exposed  in  the  railway 
cut  in  the  town.  Over  all  of  Bradley  County  the  Tertiary  (Eocene) 
beds  are  either  exposed  at  the  surface  or  are  concealed  by  their  own 
weathered  remains  or  by  a  thin  sheet  of  Pleistocene  gravel  and  sand. 
Most  of  the  weathered  Tertiary  clays  of  this  county  form  excellent 
brick  clays. 

In  sec.  20,  T.  14  3-,  R«  9  W.,  a  well  dug  beside  the  road  leading 
from  Warren  to  Johnsville  has  the  following  section : 

Section  in  well  in  sec.  :iO,  T.  14  S.,  R.  9  W. 

Feet. 

Sandy  loam 2 

Red  sandstone  with  pebbles 8 

White  pipe  clay 4 

Sand. 

It  may  reasonably  be  expected  that  valuable  clays  will  be  found  in 
connection  with  the  lignites  known-  to  exist  at  various  places  in 
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Bradley  County.  One  of  these  exposures  of  lignite  was  visited  at 
Goulets  Island,  on  Saline  River,  in  sec.  24,  T.  17  S.,  R.  10  W.  The 
following  section  is  exposed  on  the  left  bank  of  the  stream  at  that 
place: 

Section  at  GouUts  Island,  Saline  Hirer. 

Feet. 

Sand  and  clay 6 

Clean  sand 10 

Pt»bblt»s  and  sand 10 

Lignite 2 

Blue-gray  sand  and  clay 2 

The  only  clay  in  this  section  underlies  the  lignite,  and  is  too  far 
helow  the  surface  and  contains  too  much  sand  to  be  of  any  practical 
value.     The  lignite  is  too  thin  to  be  worked  and  has  no  value 

Several  years  ago  the  statement  was  published  that  *' Thirty-six 
varieties  of  commercial  clavs  and  shales  *  *  *  have  been  found 
*  *  *  ^thin  a  radius  of  3  miles  from  the  town  [of  Warren],  of 
which  twentv  consist  of  material  used  in  the  manufacture  of  vitrified 
pipe  and  paving  brick,  and  the  remainder  *  *  *  material  used 
in  the  manufacture  of  terra  cotta,  drain  tile,  earthenware,  and 
pressed  brick.'**  Such  a  statement  must  be  accepted  with  allow- 
ances. As  pointed  out  elsewhere  in  this  report,  whether  a  clay  is 
available  for  a  given  purpose  can  generally  be  determined  only  by 
practical  tests.  It  should  not  be  forgotten  also  that  a  clay,  in  order 
to  be  commercially  useful,  must  be  abundant,  accessible,  and  cheap. 
In  s7)ite  of  the  fact  that  the  clays  of  Bradley  County  have  not  been 
tested  as  they  deserve  to  be,  the  geology  of  the  county  leads  to  the 
reasonable  belief  that  it  contains  large  bodies  of  valuable  cla]^.  Only 
one  establishment  in  Bradley  County  is  engaged  in  the  manufacture 
of  day  products.  This  is  a  plant  for  making  common  soft-mud  brick, 
lo<'atcMl  at  Warren,  and  operated  by  Moore  &  Gannway. 

CALHOUN   COUNTY, 

GENERAL  GEOLOGY. 

The  geolt>gy  of  C  alhoun  (\>unty  can  l>est  be  understooil  by  a  study 
of  the  bluffs  exposetl  along  the  right  bank  of  Ouachita  River  in  Union 
ami  Ouachita  counties.  Those  bluffs  are  made  up  of  a  series  of  clays 
sanils,  and  lignites  whic  h  rist^  to  a  height  of  200  or  more  feet  above 
the  onlinary  stage  of  the  water  in  the  river.  These  soft  beds  now 
eml  abruptly  at  the  river  or  at  the  margin  of  its  immediate  valley 
but  originally  they  extended  acnvss  what  is  now  the  Hood  plain  of 
the  Ouachita  ami  covennl  (^alhoun  County,  as  thev  still  do  though 
in  a  moilifieii  way.  *  '         ^ 

•  IV  llAlher.  M.  I...  Arkmu«»  UmsHIv^.  JunuiirY  A^  iss4.  p^o! 
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The  section  observed  on  the  right  bank  of  the  Ouachita  at  Wil- 
mington Landing  gives  a  better  idea  of  the  geology  of  Calhoun  County 
than  any  single  exposure  known  in  the  county  itself.  That  section 
is  therefore  repeated   at  this  place. 

Section  at  Wilmiwfton  Landirnf. 

Fwt. 

Sand  on  the  hilltop 2 

Sandy  clay 5 

Light-gray  clay 2 

Pinkish  clay 3 

Fat  buff  clay  with  sandy  patches  and  lignite 16 

Tough,  sandy  light-colored  clay 7 

White  sand 3 

Brown  coal  or  lignite :i 

Fat  dove-colored  clay 8 

Sand  with  clay  laminae 5 

Pink  sandy  clays  and  sands 10 

Concealed 10 

Level  of  Ouachita  River 90 

In  deaUng  with  the  geology  of  Calhoun  County  we  should  remember 
that  the  beds  exposed  in  the  section  at  Wilmington  Landing  formerly 
covered  the  region  to  the  east  and  north,  and  that  water  has  gradually 
cut  away  the  beds  and  lowered  the  whole  land  surface  to  its  present 
level. 

Beyond  the  river  at  Wilmington  and  farther  north,  toward  Sum- 
merville,  for  several  miles,  the  country  is  very  neariy  flat  and  but 
little  elevated  above  the  flood  plains  of  the  river.  There  is,  however, 
an  almost  imperceptible  rise  as  one  approaches  Hampton,  and  a 
short  distance  north  of  Hampton  the  country  is  at  or  about  the 
same  elevation  as  the  elevated  country  at  Wilmington  Landing. 

Over  the  lower  country  in  the  southern  part  of  the  county,  and 
indeed  almost  everywhere  east  of  the  Ouachita,  the  lands  are  made 
up  of  river  silts  and  alluvial  and  buckshot  clays,  so  common  in  the 
slashes  and  boggy  '* crawfish  lands.'*  This  surface  covering  is  of 
later  date  than  the  underlying  stratified  beds,  which  are  ever^nvhere 
obscured.  The  Recent  materials  cover  the  older  sediments  through- 
out the  county  by  spreading  out  over  the  flood  plains  of  all  streams. 

On  the  higher  lands  of  Calhoun  County  there  is  a  widespread 
overwash  of  waterworn  pebbles.  Most  of  these  pebbles  are  of 
novaculite,  but  many  quartz  pebbles  are  mingled  with  them.  The 
novacidite  that  makes  up  the  great  bulk  of  the  gravels  is  so  restricted 
in  its  distribution  that  there  can  be  no  question  about  the  origin  of 
these  pebbles.  The  novaculite  rocks  extend  from  a  point  near 
Little  Rock  on  the  east  to  Hot  Springs  and  Dallas,  in  Polk  County. 
Almost  everywhere  they  form  mountains,  generally  verj-  steep  and 
rugged.  It  is  from  the^e  mountains  of  novaculite  that  the  novaculite 
pebbles  liave  been  spread  out  like  a  great  blanket  over  all  the  counties 
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of  the  State  lying  south  of  the  Ouachitas  or  novaculite  ridges  of 
Pulaski,  Saline,  Hot  Springs,  Montgomery,  Pike,  and  Polk  counties. 
The  (juartz  of  the  pebble  beds  is  doubtless  derived  from  the  same 
region,  for  the  novaculite  shales  are  noted  for  the  great  number  of 
thin  ([uartz  veins  they  contain.  The  fact  that  the  pebbles  generally 
imderlie  the  silts  and  alluvial  beds  of  the  flood  plains  of  the  streams 
shows,  too,  that  they  are  older  than  these  silts.  They  seem  to  have 
been  brought  to  their  present  position  at  the  time  when  the  Tertiarj' 
land  was  emerging  from  the  bed  of  the  sea,  having  been  spread  out 
by  the  undertow  of  the  retiring  waters. 

These  gravels  are  most  abundant  on  the  tops  of  the  highest  hills 
of  the  region,  where  they  make  excellent  roads,  or  beneath  the  soils 
along  streams.  This  is  because  they  were  originally  spread  over  an 
approximately  flat  region;  subsequent  erosion  has  removed  some 
of  this  material,  thus  making  valleys  in  which  the  gravels  are  con- 
centrated beneath  the  silts  and  soils  that  have  later  accumulated 
above  them. 

CLAY  DEPOSITS. 

Beneath  the  gravels  and  immediate  surface  soils  lie  the  soft  Ter- 
tiary beds  referred  to  as  cropping  out  in  the  bluffs  of  the  Ouachita. 
These  deposits  (*ontain  many  beds  of  pottery  clay.  Only  a  few  of 
the  outcrops  of  these  beds  can  be  noted  here,  but  anyone  who  will 
bear  in  mind  the  general  geologic  structure  of  the  region,  as  stated 
above  anil  as  shown  in  the  section  on  page  17,  can  readily  trace 
the  l>eds  ami  will  know  where  to  look  for  these  clays  when  they  have 
IxH^n  found  at  a  single  locality. 

About  3^  miles  north  of  Hampton,  at  a  point  where  the  Hampton- 
diambersville  road  crosvses  Rocky  Branch,  on  the  slope  of  a  hill 
about  150  feet  south  of  the  stream,  is  a  bed  of  greenish-gray  potter's 
clay.  It  is  not  well  exi>osed  and  neither  its  upper  nor  its  lower  limit 
could  l>o  seen  when  the  j^lace  was  examined,  but  it  appears  to  have  a 
thickness  of  about  4  feet.  It  can  not  be  stated  positively  that  the 
clay  expostnl  is  in  place,  but  if  it  is  the  bed  will  be  foimd  to  continue 
both  up  ami  down  Rocky  Branch  at  the  same  elevation,  and  it  is 
quite  probable  that  it  may  be  foimd  also  on  the  north  side  of  this 
stream  at  about  the  same  elevation. 

About  o  miles  stuith  of  Chambersville.  just  south  of  Whitewater 
Creek,  at  a  place  whore  the  IIampton-("'hambersville  road  ascends 
about  40  feet  from  the  bottoms  ti>  the  higher  land,  probably  in  the 
SW.  ;  sec.  3.  T.  IJ  S.,  R.  i:^  W..  pt>ttor's  clay  is  exposed  in  the  face 
of  the  hill  in  the  road.  The  thickness  of  these  beds  can  not  be 
■it  terTv.inoii  without  diiisrini:.  but  thev  seem  to  be  from  10  to  20  feet 
:h:.  k  a:  the  place  mentioned,  and  are  well  above  all  possible  overflow 
:  :he  !:T^:;rhbonnjr  streams.  The  outcrop  extends  around  the  face 
::  :ho  h:!':  to  the  northeast  and  southwest  from  the  road,  while  the 
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beds  penetrate  the  hill  to  the  south.  In  all  probability  the  outcrop 
will  also  be  found  following  the  face  of  the  hills  that  skirt  the  valley 
of  Whitewater  Creek  along  its  right  bank. 

In  the  Chambersville-Hampton  road,  a  Uttle  more  than  a  mile  south 
of  the  outcrop  last  mentioned,  similar  potter's  clay  is  exposed  in  a 
gully  on  the  north  side  of  the  road. 

About  2  miles  south  of  the  point  where  the  same  road  crosses 
Whitewater  Creek  potter's  clays  are  exposed  again  by  the  roadside 
in  the  brow  of  a  low  hill  facing  northwest.  This  place  is  probably 
in  the  SW.  J  sec.  15,  T.  12  S.,  R.  13  W.,  about  a  quarter  of  a  mile 
southeast  of  Dawson's  schoolhouse.  The  following  is  the  section 
exposed: 

Section  in  SW.  J  sec.  15,  T.  /?  S.,  R.  IS  W. 

Soil  with  pebbles  and  Bilicified  wood.  Foet. 

GreeniBh  lead-colored  clay 5 

Brown  coal 2 

Clayey  sands  (base  concealed) 4 

Some  of  the  cobbles  in  the  soil  overlying  this  section  are  6  inches 
in  diameter.  With  the  exception  of  the  fossil  wood  and  a  little 
quartz  they  are  all  of  novaculite. 

The  outcrops  of  clay  and  brown  coal  extend  both  to  the  north  and 
south  of  the  road. 

A  little  more  than  a  mile  south  of  Chambersville,  probably  in  the 
SW.  i  sec.  27,  T.  11  S.,  R.  13  W.,  on  Henry  Clay's  place,  a  bed  of 
potter's  clay  4  or  5  feet  thick  is  exposed  beside  the  road.  It  con- 
tains a  few  leaf  impressions,  and  in  general  appearance  closely  resem- 
bles the  clays  used  at  Perla.  This  clay  bed  vnW  be  found  to  con- 
tinue to  the  east  of  the  Chambersville-Hampton  road  into  the  woods, 
while  to  the  west  it  skirts  the  low  hill  north  and  west  of  Henry  Clav's 
farmhouse. 

Mr.  Siebenthal  reports  a  bed  of  gray  plastic  clay,  from  6  to  10  feet 
thick,  on  the  railway  at  a  place  where  it  crosses  from  Cleveland 
County  into  Calhoun  County,  in  sec.  4,  T.  11  S.,  R.  13  W.,  and  the 
same  bed  again  about  500  paces  west  of  the  first-mentioned  exposure. 
Good  pottery  clay  is  reported  on  the  Jordan  place,  in  sec.  6  of  this 
same  township,  and  also  on  the  Lightfoot  place,  1  mile  south  of 
Little  Bay. 

So  far  as  the  geology  of  Calhoun  County  has  been  studied  it  leads 
to  the  conclusion  that  the  pottery  clays  will  be  found  in  a  long  series 
of  outcrops  skirting  the  ChampanoUe  on  both  sides  and  along  the 
west  side  of  Moro  Creek,  following  up  the  larger  streams  like  White- 
water. They  will  be  found  also  in  the  hillsides  along  the  upper  part 
of  Locust  Bayou  and  along  the  east  side  of  Two  Bayou  toward  its 
head.  These  clay  beds  vary  in  thickness  and  in  character,  but  for 
all  practical  purposes  they  may  be  regarded  as  inexhaustible. 
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Clays  available  for  ordinary  pottery  occur  here  and  there  in  the 
wet  slashes  along  the  larger  streams  and  along  Ouachita  River,  but 
these  deposits  are  limited  in  quantity  and,  as  compared  with  the 
stratified  Tertiary  clays,  are  of  inferior  quality.  It  does  not  appear 
that  the  pottery  clays  of  Calhoun  County  have  ever  been  utilized, 
even  for  local  purposes,  and  transportation  facilities  will  need  to  be 
improved  before  the  excellent  clays  of  this  county  can  be  turned 
to  much  account. 

CLAY  COUNTY. 

The  only  clays  of  economic  importance  found  in  Clay  County  are 
common  brick  clays.  The  most  abundant  brick  clay  is  the  loess, 
which  occurs  on  the  top  and  sides  of  Crowleys  Ridge  throughout  the 
county.  Along  a  narrow  belt  of  country  at  the  foot  of  Crowleys 
Ridge,  on  both  sides,  the  loess  has  been  reworked  by  the  streams  and 
forms  a  second  bottom.  The  reworked  product  is  very  similar  in 
appearance  and  composition  to  some  phases  of  the  loess.  It  usually 
has  a  more  yellowish  color,  due  to  the  presence  of  iron  oxide  obtained 
from  the  highly  ferruginous  sand  underlying  the  loess  on  the  ridge. 
Where  the  yellow  second-bottom  clay  is  constantly  covered  with 
water  the  iron  oxide  is  largely  leached  out  and  the  clay  becomes  a 
white  glady  soil. 

The  second-bottom  land  is  much  narrower  on  the  west  of  the  ridge 
than  on  the  east.  Patches  of  country  between  Cache  and  Black 
rivers  are  covered  with  white  to  gray  buckshot  clay.  It  is  doubtless 
of  the  same  age  as  the  white  glady  land  on  the  east  side  of  the  ridge. 
At  various  places  in  the  county  between  the  west  edge  of  Crowleys 
Ridge  and  Current  River  the  surface  is  covered  with  alluvial  sand, 
which  overlies  the  hardpan  or  buckshot  clay  where  the  latter  has  not 
been  removed  by  the  present  streams. 

The  reworked  loess  at  Pratt  is  being  made  into  common  building 
bricks  by  the  Pratt  Brick  Company.  This  is  the  only  plant  in  the 
county  engaged  in  the  manufacture  of  clay  products. 

CLEVELAND   COUNTY. 

GENERAL  GEOLOGY. 

The  geology  of  the  extreme  northwestern  part  of  Cleveland  County 
is  similar  to  that  of  Saline  and  Hot  Spring  counties;  that  of  the  cen- 
tral part  is  like  that  of  Union  and  Calhoun  counties,  where  there  are 
so  many  good  clays;  while  that  of  the  southeastern  portion  is  like 
that  of  Drew  and  Ashley  counties.  It  is  probable  that  there  are 
many  clay  deposits  in  Cleveland  County  available  for  pottery,  lire 
bricks,  sewer  pipe,  etc. 
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The  work  in  Cleveland  County  was  done  by  Prof.  G.  D.  Harris, 
who  gives  the  following  r6sum6  of  the  geology  of  the  lowest  beds  in 
the  northwestern  section:  ^ 

A  small  portion  of  the  northweBtem  quarter  of  this  county  is  doubtless  underlain  by 
lignitic  deposits.  Records  of  well  borings  at  Pinchback's  mills,  according  to  Mr. 
J.  C.  Simmee,  of  New  Ekiinburg,  show  no  traces  of  molluscan  remains.  The  materials 
commonly  passed  through  are  sands  and  dark  lignitic  clay.  In  the  vicinity  of 
rrosB  Roads  Church,  about  4}  miles  northwest  of  Kingsland,  fossils  belonging  to  the 
Jackson  horiason  were  found  in  the  form  of  casts  and  impressions  in  concretionary  fer- 
ruginous sandstone.  Wells  near  Kingsland  and  farther  west  are  said  to  pass  through 
25  or  30  feet  of  sandy  clay  of  a  light-yellowish  color,  and  then  to  encounter  bluish 
clay  or  lignite.  The  blaish  clay  at  some  places  continues  for  30  feet  or  more,  when 
it  gives  way  to  soft  and  sandy  material  that  furnishes  water  in  abundance. 

The  higher  beds  that  cover  all  the  central  part  of  the  county  belong 
to  the  middle  or  Claiborne  division  of  the  Eocene  (Tertiary),  and  are 
similar  in  the  main  to  the  beds  of  Calhoun  and  Union  counties. 

Below  is  given  the  record  of  a  well  on  the  land  of  J.  B.  Williams  in 
the  SW.  i  SW.  J  sec.  1,  T.  9  S,,  R.  11  W. 

Record  of  well  on  larul  of  J.  B.  Willuims. 

Foet. 

Soil  and  sands 20 

Joint  clay 20 

Clay  with  gypsum 10 

Shells 10 

Leaves 5 

Dark-blue  earth 12 

Coarse  white  sand 4 

On  Mount  Elba,  just  south  of  Bridges  Bluff  on  Saline  River, 
3i  miles  south  of  Toledo,  the  following  section  is  exposed: 

Section  at  Mount  Elba. 

Foet. 

Pebbly  dark  soil 2 

Yellowish  clayey  sand 7 

White  chert  pebbles 7 

Light  lignitic  clay 3 

Concealed  to  the  water 15 

Several  other  sections  reported  by  Professor  Harris  in  Cleveland 
County  contain  clays,  but  it  is  not  clear  whether  they  are  valuable. 
Bed  No.  4  in  the  following  section  reported  by  liim  appears  to  be  one 
of  promise.  The  locality  is  5  mile^  southwest  of  New  Edinburg,  on 
the  Moro  Bay-Pine  Bluff  road. 

Section  near  Neiv  Edinburg. 

Ft.     in. 

Soil,  sand,  and  a  few  pebbles 2 

Lig^t,  evenly  laminated  blue-gray  clay 4 

Light-gray  micaceous  clay 0 

Leaf-bearing  bluish-gray  clay 8 

a  Ann.  Rept.  Geol.  Survey  Arkansas  for  1882,  vol.  2,  p.  57. 
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CLAY  INDUSTRY. 


There  is  an  abundance  of  good  brick  clays  over  a  large  part  of  the 
county.  The  Leali  Pressed  and  Fire  Brick  Company's  brick  plant 
at  Kingslandy  with  a  capacity  of  20,000  bricks  a  day,  has  been  in 
operation  since  about  1901.  The  plant  manufactures  dry-pressed, 
stiff-mud,  and  fire  brick.  Shale  and  common  clay  are  used.  The 
bricks  are  dried  in  a  Standard  steam  drier,  and  burned  in  both 
up-draft  and  down-draft  kilns,  which  hold  from  75,000  to  400,000 
bricks.  The  Raymond  stiff-mud  machines  and  the  Berg  dry-press 
machines  are  used.  The  former  has  a  capacity  of  40,000  and  the 
latter  of  20,000  bricks  a  day. 

The  company  is  preparing  to  move  its  plant  to  Little  Rock,  and 
will  operate  there  under  the  name  of  The  Southern  Brick  Company. 

COLUMBIA  COUNTY. 

CLAY  DEPOSITS. 

All  of  Columbia  County  lies  witliin  the  Tertiary-Quaternary 
region.  The  general  geology  of  the  county  is  favorable  to  the  dis- 
covert' of  pottery,  tile,  sewer  pipe,  and  refractory  clays,  and  wher- 
ever such  beds  may  be  found  the  horizontality  and  uniformity  of 
the  geologic  structure  will  make  prospecting  for  them  very  simple. 

The  details  of  the  geology'  of  Columbia  County  have  not  been 
sufficiently  studied  to  determine  the  precise  geologic  position  or  the 
geographic  distribution  of  the  more  valuable  clays,  but  clays  of 
excellent  quality  will  doubtless  be  found  in  abundance  in  the  county. 
It  seems  most  probable  that  they  wifi  be  found  not  in  the  higher  parts 
of  the  great  watershed  that  runs  through  the  middle  of  the  county, 
hut  well  down  its  sides  and  along  the  sides  of  the  valleys  of  the 
larger  streams. 

The  usual  "deer-Uck''  clays  are  found  in  the  wet  slashes,  but  it 
U  not  thought  that  days  of  this  class  are  of  sufficiently  good  quality 
MF  sufficiently  abundant  to  warrant  exploitation,  except,  perhaps, 
in  a  ver\-  liniitetl  way,  to  meet  small  Kval  demands.  The  stratified 
clays  are  abundant  and  good,  ami  when  a  good  bed  is  found  there 
is  never  much  difficulty  in  determining  its  notations  to  the  accom- 
panving  heils  or  in  tracing  it  over  the  adjoining  country. 

On  the  road  leading  fn>m  Magnolia  to  Mount  Holly,  in  the  NE.  J 
stv.  3.  T.  17  S.,  K.  20  ^^.,  then*  an^  some  gnvuLsh-gray  pottery 
clays,  at  least  o  fet^  of  which  is  exposed.  The  upjn-r  part  of  this 
bod  k  disoolonnl  by  inm,  but  the  discoloration  sivms  to  be  onlv 
sujH^rficial.  Sandy  fm^  clays  art*  exposed  in  a  gully  on  the  side  of 
the  same  n>ad  ^>  miK»s  east  of  Maguolia. 

At  a  few  places  In^lNvtvu  this  hHrtlity  and  Mount  Holly  there  are 
small  ouicn>j^  of  pinkish  sandy  clays  containing  leaf   impressions, 
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but  as  a  rule  these  beds  are  too  sandy  to  make  good  pottery  clays. 
The  probabilities  are,  however,  that  the  same  beds  at  localities  other 
than  those  examined  may  yield  excellent  clays,  since  they  are  of  the 
same  general  character  and  appearance  and  contain  the  same  fossil 
leaves  as  the  pink  fossiliferous  clays  used  successfully  at  Perla 
switch,  in  Hot  Spring  County. 

A  quarter  of  a  mile  west  of  Mount  Holly  some  promising-looking 
dove-colored  clays  are  exposed  at  the  side  of  the  road.  This  clay, 
however,  contains  a  few  pebbles,  and  it  may  not  prove  to  be  of  value. 
Beneath  this  gray  clay  are  pinkish  beds  with  leaf  impressions. 

The  following  is  the  record  of  a  well  dug  by  Mr.  G.  O.  Bailey  on 
his  land  near  Magnolia,  in  the  N.  i  sec.  34,  T.  16  S.,  R.  20  W.: 

Section  of  Bailey* a  well  near  Magnolia. 

Feet. 

Surface  soil 6 

Cream-colored  clay 15 

Sand  and  pink  clay  mixed 3 

Brown  potter's  clay 5 

The  second  bed  in  this  section  contains  a  good  many  impressions 
of  plants.  The  clay  has  not  been  analyzed,  but  its  texture  and 
color  suggest  its  availability  for  the  manufacture  of  good  potte^}^ 
It  contains  39.44  per  cent  of  cream-colored  sand.  This  sand  is  very 
fine,  only  1  per  cent  of  it  being  caught  on  a  wire  gauze  having  100 
meshes  to  the  inch  and  3  per  cent  on  one  having  150  meshes  to  the 
inch,  the  remainder  passing  through. 

The  third  member  of  this  section  is  of  a  light-pink  color.  It  is 
very  fine  and  clear  of  grit,  but  this  pure  part  of  the  clay  is  so  mixed 
with  small  pockets  of  rather  coarse  sand  that  in  its  present  condition 
it  is  not  available  for  fine  pottery.  The  occurrence  of  this  bed,  how- 
ever, is  interesting,  and  suggests  that  a  clean  bed  of  excellent  (tlay 
may  yet  be  found.  There  is  29.08  per  cent  of  clean  white  sand  in 
clay  No.  3,  which  includes  that  of  the  sand  pockets  as  well.  A 
large  part  of  the  sand,  36  per  cent,  is  caught  on  a  sieve  having  100 
meshes  to  the  inch.  In  order  to  determine  whether  the  bodv  of  it 
might  not  be  kaohn  the  sand  was  washed  from  a  sample  of  No.  3 
and  the  water  expelled  by  ignition.  The  loss  was  9  per  cent.  The 
percentage  of  water  in  true  kaolin  is  13  per  cent,  while  ordinary'  clays 
have  5  and  6  per  cent.  This  can  not,  therefore,  be  regarded  as  a 
sandy  kaolin,  although  it  contains  a  higher  percentage  of  water  than 
ordinary  pottery  clays. 

The  brown  clay  in  which  the  well  ends  is  identical  in  color  and  tex- 
ture and  general  appearance  with  the  brown  clays  successfully  used  at 
Perla  switch  in  the  manufacture  of  pottery  and  fire  bricks.  It  con- 
tains 28.92  per  cent  of  fine  light-brown  sand,  the  lower  brown  clay  at 
Perla  switch  containing  21.9  per  cent.     All  the  sand  in  tliis  brown 
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clay  is  very  fine,  only  a  little  more  than  1  per  cent  of  it  being  caught  in 
a  sieve  having  150  meshes  to  the  inch,  the  remainder  passing  through. 
This  lower  bed,  like  that  at  Perla,  contains  many  impressions  of 
leaves  and  stems  of  plants;  indeed,  the  whole  section  seems  to  be 
very  similar  to  the  clay  pits  at  that  place. 

It  is  reported  that  clays  similar  to  those  found  in  Bailey's  well  have 
been  passed  through  in  digging  several  wells  in  the  neighborhooil,  and 
that  in  some  of  them  the  lower  brown  clay  has  been  penetrated  to  a 
depth  of  10  or  12  feet  without  having  been  passed  through. 

CLAY  INDUSTRY. 

The  Mclntyre  Company  has  a  small  brick  plant  at  Magnolia.  The 
plant  was  established  in  1884,  Surface  clay  is  used,  from  which  is 
made  a  red  common  building  brick.  The  bricks  are  molded  by  hand, 
dried  in  the  open  air  and  sunshine,  and  burned  in  an  up-draft  kiln. 
About  three  days  are  necessary  to  dry  the  bricks  suflSciently  to  place 
them  in  the  kiln;  nine  days  are  required  for  burning.  Wood  is  used 
as  fuel.  The  output  is  5,000  a  day.  The  molds  are  8§  by  4 J  by  2  J 
inches. 

CONWAY  COUNTY. 

GENERAL  GEOLOGY. 

The  general  geology  of  Conway  County  is  the  same  as  that  of 
Faulkner  Countv,  and  the  clays  of  the  two  counties  are  therefore  of 
the  same  character  and  have  the  same  geologic  distribution. 

The  surface  rcx^ks  in  Conway  County,  except  the  later  deposits 
along  Arkansas  River,  are  entirely  in  the  "Lower  Coal  Measures." 
The  hard  rocks  are  alternate  sandstones  and  shales  that  lie  nearly  flat 
in  the  northern  part  of  the  county  and  are  thrown  into  gentle  folds  in 
the  southern  part.  The  ridges  here,  as  in  other  portions  of  the  State, 
are  rapi)od  by  sandstone  or  are  made  up  entirely  of  sandstone,  while 
the  valleys  are  generally  underlain  by  shales. 

Startintr  al>out  2V  miles  west  and  a  little  north  of  Morrillton,  the 
Morrillton  anticlinal  fold  of  the  rocks  runs  due  east  to  Cadron  Creek, 
erossintr  that  stream  in  sec.  S,  T.  6  N.,  R.  14  W.  The  group  of  parallel 
riiltjes  and  valleys  involved  in  this  fold  have  a  width  of  3  miles  in 
Conway  County.  The  Halations  of  these  ridges  to  one  another  are  not 
apparent  tt>  anyone  passing  aen>ss  the  county  on  the  railway,  because 
tlie  railway  tli>es  not  cut  aeixvss  them,  but  follows  the  valleys,  and  is 
theivfoiv  parallel  to  the  lines  of  struetuiv. 

CLAY  DEPOSITS. 

Varut'us.—T\\i-  prineipal  elays  of  C\>nway  (\mnty  an»  of  the  follow- 
ing four  varieties: 

I.  The  clay  shales  and  the  rlavs  ileriveil  ilin^^tlv  fn>m  them  by 
disintegration. 
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2.  The  limonitic  buckshot  clays. 

3.  The  leached  clays  of  the  slashes. 

4.  The  alluvial  chocolate  clays  of  the  second  bottoms  along  Arkan- 
sas River. 

Clay  shales. — The  clay  shales  are  interbedded  with  the  sandstones 
and  are,  in  the  main,  similar  in  character  and  distribution  to  those  of 
Faulkner,  White,  and  Pulaski  counties.  Where  they  have  the  proper 
composition  they  are  available  for  the  manufacture  of  paving  bricks, 
sewer  pipe,  and  lire-clay  products.  No  chemical  analyses  have  been 
made  of  specimens  of  shales  of  White  County,  but  the  analyses  of  the 
Round  Mountain  shales  of  White  County  and  of  the  Little  Rock 
shales  of  Pulaski  County  may  be  accepted  as  indicating  in  a  general 
way  the  character  of  the  clay  shales  to  be  found  in  Conway  County. 

BucTcshot  clays. — The  buckshot  clays  cover  a  large  part  of  the 
higher  valleys  of  the  county.  These  are  used  for  making  common 
bricks,  but  owing  to  the  presence  in  them  of  the  buckshot  or  small 
nodules  of  iron  the  bricks  are  often  covered  with  dark-brown  spots. 
These  spots  are  likely  to  be  produced  in  any  well-burned  bricks  made 
of  the  buckshot  clays. 

Leached  days. — The  leached  clays  are  probably  only  modifications 
of  the  buckshot  clays.  Both  the  leached  clays  and  the  buckshot 
clays  are  derived  indirectly  from  clay  shales,  and  chemically  altered 
by  weathering  and  leaching.  Where  waters  charged  with  organic 
acids  stand  for  a  long  time  in  shallow  pools  in  the  slash  lands,  the 
underlying  clays  are  often  leached  of  their  iron  and  made  available  for 
the  manufacture  of  coarse  pottery.  Such  clays  are  found  in  Conway 
County  in  the  wet  places  on  the  second  bottoms  of  the  Arkansas  River, 
Point  Remove  Creek,  and  Cadron  Creek. 

The  alluvial  chocolate  clays  of  Conway  County  are  in  every  respect 
similar  in  character  and  topographic  position  to  those  of  Faulkner 
County. 

Old  Lewishurg  terrace  day. — ^At  Old  Lewisbui^,  1  mile  south  of 
Morrillton,  a  red  clay  caps  all  the  elevations.  This  clay  has  a  maxi- 
mum thickness  of  about  20  feet  and  shows  four  distinctly  colored 
beds.  As  seen  at  a  point  250  yards  southeast  of  the  tevry,  the  expo- 
sures in  a  deep  gully  are  as  follows,  beginning  at  the  top  : 

Section  at  Old  Leunsburg. 

Feet. 

1.  Fleeh-colored  clay  ct)ntaining  much  sand 7 

2.  Dark-red  plastic  clay  containing  a  few  small  siliceous  concre- 

tions    4-5 

3.  Pinkish  clay,  with  numerous  small  siliceous  concretions 3-4 

4.  Yellowish  and  mottled  sandy  clay  overlying  the  black  shale  that 

outcrops  along  the  river  south  of  the  ferry 4-5 

The  dividing  line  between  these  beds  of  clay  is  fairly  distinct, 
though  they  grade  sUghtly  into  one  another.     Bed  No.  2  contains 
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loss  sand,  ai)i)arently,  than  any  of  the  others.  Bed  No.  4  is  evi- 
ilontly  a  decomposition  product  of  the  black  shale  that  underlies 
the  n^^ijion  about  Old  Ix'^^'isburg  and  that  crops  out  along  the  river 
hank  above  and  below  the  ferry.  This  shale  contains  much  sand, 
and  at  some  places,  as  just  above  the  feny,  it  contains  beds  of 
shaly  sandstone.  It  has  a  dip  of  25^  S.  Beds  1,  2,  and  3  are  foreign 
to  this  locality  and  are  not  derived  from  this  shale  bed. 

The  whole  site  of  the  town  of  Old  Lewisburg  is  underlain  by 
the  clay  mentioned  in  the  section,  except  where  these  beds  have 
Imhmi  cut  throu«:h  by  gullies.  Bricks  have  been  made  from  the 
clay  at  the  south  edge  of  the  town  of  Old  Lewisburg.  This  clay 
has  about  the  elevation  of  No.  1,  but  the  clay  exposed  in  the  old 
pit  tlid  not  show  so  much  sand  as  bed  No.  1  in  the  gully  where  the 
section  was  taken.  The  clay  of  the  pit  is  red.  These  bricks  are 
n^ported  by  Mr.  Morloch,  who  helped  to  tear  down  some  of  the 
buildings  made  from  them,  to  be  soft  and  crumbling.  No  bricks 
havt»  betMi  maile  lu*re  since  Old  Lewisburg  was  in  its  prime,  many 
\ears  a«:»>. 

(7«ir/.v  south  of  MorrilUon, — The  ridges  south  of  Morrillton  are  each 
formed  by  a  heavy  bed  of  sandstone,  dipping  south  at  an  angle  of 
•-*."»*'.  Heiweeu  these  two  samlstone  ridges  is  a  black,  gritty  shale, 
formiiii:  a  nul  brick  clav.     The  shale  btnl  is  about  275  feet  thick. 

'riii*^  clav  resembles  that  of  the  vallev  in  wliich  MorriUton  stands. 
The  ila\  in  (his  vallev  is  found  mostly  on  the  north  slope  of  the 
Nouih  lidire  and  on  (he  south  slope  of  the  north  ridge.  Where  the 
same  Aiw  occtUN  in  the  In^tom  of  the  vallev  it  contains  more  sand 
\\u\\\  w  docN  on  (he  slopes  of  the  ridges. 

i'»'..\  i/,i  N  iit  lA»rn7//i»jj.  About  150  paces  west  of  the  public 
si  hool  lunldint'.  in  Morrillton.  on  the  north  slope  of  the  ridge,  is  a 
Ivxl  o«  leddish  plastic  cla\.  fnun  which  bricks  Have  been  made. 
V\vr.  ^\l\\  »•.  surk\ .  h\\\  rontains  small  ir^Mi  ^buckshot"  nodules  and 
\-.  •  .\\u\\  \\\x\\w\\  ilu*  ai\iomu  of  sand  is  not  excessive.  This  same 
/  *\    l^sl  oMond-.  all  aliM\!:  tiu^  northern  slojv  of  this  ridge,  which 

il\,»  ht\  »M\o  •.ouih  of  \\w  (own.     It  is  uniform  in  color  and  plas- 

;..u\    AwA  \\\  iho  amouui  of  Inuksl^ot  it  contains.     It  is  the  product 

o.  \!\i^  i«<\ »Mupo'.uuM\  of  \\w  h\:WK,  >A\\\\\ .  ><nithwartl-ilippiiig  shale 

■.    ii   uMx;o»i\o.  \\w  \\l\ol*^  \aV,o\   -.v.  wV.ui;  Morrillton  is  built.     This 

>x,^  ,'»\    \\  «.\o  o*.:i*o  a*oiv;r.^  '.o  ':'.,s\c  s  :hiokne^  of  more  than 

'    ' » *  •       1 ' • « o  » ' » \   i  X »^  ? y.»' ; ;  \   •, .xx\-.  .s :  NV    M .  Morioch"s  brickvard. 

■■•••^*  «■»»'»  **■>'■    »  •'••\'  xM^*.   »•':  :*:-.**  rsi'.wav  station  at  Mor- 

^       ,.'Mi.-       i  •,     i '.     A"    >•'..  >  .'v/.v  I  to  2  feet  thick, 

\     .,    X  .s  ;*    .v::ii:ii:   close   to   the 

'. s.,.   \--.v  ^vr.  ^Hi  ike  surfai-e 

x*x  »•'•,  N«,    .,^  .  .;  \v  '  X     ,.;-     The  shale  that 

,\\    *>  .■•.*:  :\^«^uiiK:  tlie  clav 
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at  the  base  of  the  ridge  immediately  south  of  the  town,  but  geo- 
logically it  is  about  200  feet  lower.  The  character,  color,  and  plas- 
ticfty  of  the  clay  are  the  same  as  those  of  the  clay  west  of  the  public 
schoolhouse.     This  plant  has  now  gone  out  of  business. 

One  mile  northeast  of  Morrillton,  at  a  place  where  the  road  rxms 
northward  past  Thomas  D.  Hawkins's  house,  a  2-foot  bed  of  red 
clay,  with  little  sand,  is  cut  through  by  the  road.  Where  the  road 
crosses  the  point  of  the  ridge  that  rises  toward  the  east  from  the 
northeast  edge  of  the  town  there  is  a  similar  red  clay. 

Red  clay  like  that  at  the  localities  described  above  is  to  be  found 
on  nearly  all  of  the  sUght  elevations  in  the  valley  and  near  Mor- 
rillton. The  bed  does  not  exceed  a  very  few  feet  in  thickness  at 
any  place.  It  is  derived  from  the  bed  of  black  gritty  shale  that 
underlies  this  valley  and  is  all  of  about  the  same  color,  has  the 
same  amount  of  sand,  and  contains  much  iron  in  the  form  of  buck- 
shot nodules.  It  makes  a  very  good  quality  of  brick  so  far  as  hard- 
ness and  durability  are  concerned,  though  its  color  is  somewhat 
injured  for  special  uses  by  the  black  iron  blotches. 


Fio.  6.— Section  east  of  Morrillton.    cl,  Clay;  sh,  shale;  ss,  sandstono. 

This  clay  is  good  for  common  bricks  or  common  tiles,  but  would 
not  be  available  for  sewer  tiles,  nor  can  it  be  used  for  any  other 
than  common  bricks. 

The  shale  that  makes  up  the  valley  is  apparently  about  the  same 
throughout  in  thickness,  color,  hardness,  and  percentage  of  sand, 
and  yields  a  pretty  uniform  residuary  clay.  The  bed  of  shale  is 
from  550  to  600  feet  thick,  and  imder  the  town  of  Morrillton  and 
east  of  it  dips  south,  but  turns  over  the  nose  of  the  anticline  -at 
the  northeast  comer  of  the  town  and  dips  north.  A  north-south 
section  1  mile  east  of  Morrillton,  from  the  sandstone  in  the  south 
side  of  the  anticUnal  nose  to  the  second  ridge  south  of  Morrillton, 
is  shown  in  fig.  6. 

This  section  represents  the  thickness  of  the  rocks  about  1  mile 
east  of  Morrillton,  and  shows  how  the  clay  occiu*s  on  the  shale  in 
Morrillton.  Where  the  section  is  taken  the  clay  is  mostly  eroded 
away  at  the  north  side.  At  present  no  clay  industries  are  reported 
from  Conway  County. 
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CRAIGHEAD  COUNTY. 
GENERAL  GEOLOGY. 

The  eastern  half  of  CYaigheacI  Comity  is  occupied  by  St.  Francis 
River,  the  Hatchie  Coon  sunk  lands,  and  a  broad  belt  of  low, 
unilrained  swamp  lands,  which  extend  westward  to  the  narrow 
fringe  of  post-oak  lands  adjacent  to  Crowleys  Ridge. 

The  coimtry  east  of  Lake  City  is  made  up  of  sunken  lands  that 
are  subject  to  frequent  overflow,  except  along  some  of  the  slightly 
elevated  areas  which  are  covered  with  "sandblows."  The  sand- 
blows  consist  of  fine  white  sand  which  has  accumulated  in  small, 
moiv  or  less  separate  areas  and  is  surrounded  by  darker  colored 
I^•am  or  sand.  The  countrv  from  Lake  Citv  to  Xettleton  is  a  flat 
buckshot  soil,  with  a  growth  of  scrubby  willow  oak,  post  oak,  black 
<>ak.  and  an  occasional  hickon'.  white  oak.  and  persinunon.  The 
^»ni:-trunkeil  sweet  jrum  and  cottonwood  are  entirelr  absent. 

In  the  si^uthem  part  of  Craighead  County  Crowleys  Ridge  is 
bu:  v»iie-half  mile  across,  narrower  than  at  any  other  point  between 
:he  Mis{>^>uri  line  and  Helena  except  where  it  is  cut  in  two  by  L'An- 
iT^llo  River  in  Ijce  County.  North  of  Jonesboro  it  widens  out, 
Ar.xi  near  the  nonhom  Wixler  of  the  coimtv  it  is  broader  than  at 
any  o:her  jxHrn  in  the  State. 

Tho  w?.:to  buckshot  land  extends  westward  from  the  foot  of  Crow- 
*.-.v>  Kii'p^  to  within  alnnit  one-half  mile  of  Cache  River.  Cache 
Kiver  lv*:io:n  is  fnnu  t>  to  10  feet  lower  than  the  buckshot  land  to  the 
c\s>:.  AV.xi  Aiv^nc  the  railr\>ad  in  the  northwest  comer  of  the  coimtv  it 

r^.o  :>":^  o!  tho  riop^  thrxnighout  the  Oi^uniy  is  genermlly  covered 
^  .:h  bu!T-i:r!*Y  to  >  ollo^\  ish  Kx^.  This  is  underiain  by  coarae  gravel, 
\\  r.:.-.  '.r.  :\*kVs  has  Nvovac  vv:nont«vi  into  a  oomp«kct  con^omerate. 

Ir.  ::v  t^^r;hon\  jvin  of  i>Hichoavi  County  the  e^stem  slope  of  the 
-.*^v  >  /..-rt-  ^x-v.tlo  TV,a:\  on  tho  wt^torr.  sivie.  The  western  slope  is 
\;:>    ;->v,;v.:ou>  av.x?  aTTxMxis  a  K-ttor  omv^rtiaiitv  for  the  studv  of 

•     ■ »      ■   «     ^^  »  .^  •»»*■••»      ^'»     *<i\      *«\ » VX 

?v  :. '.,o\w,v^  mv',:ov,.  oS:a;:uv;  k  ::uU^  >^t^:  of  south  of  LcwBdo,  in 
V  s  .;  AS..  I  ouv.'o    .^•IouJn  :!.o  ivv.:  o\;x\?-.:r>*  of  she  Teitiarv  in  the 
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A  continuation  of  the  Tertiary  strata  in  Crowleys  Ridge  is  given 
below,  in  a  general  record  of  the  deep  wells  at  Jonesboro: 

Record  of  deep  wells  at  the  city  water  plant.  Jonesboro. 

Ft.    in. 

Red  clay  ( loess) 20 

Gravel,  mixed  with  red  clay 4 

Joint  clay 10 

Coarse  yellow  sand 10 

Pipe  clay 25 

Gumbo 10 

Sand,  very  fine  on  top,  grading  downward  into  coarse  sand  and 

gravel,  water  bearing 60 

Very  tough  gumbo 50 

Blue  mud  with  iron  concretions,  extending  downward  to  1,200 
feet. 

CLAY  INDUSTRY. 

Jonesboro  and  vicinity. — ^The  brick  industry  of  Craighead  County 
is  confined  to  the  vicinity  of  Jonesboro,  on  Crowleys  Ridge,  where 
five  plants  have  been  established  for  the  manufacture  of  wet-mud 
and  dry-pressed  bricks. 

The  following  is  an  analysis  made  from  one  of  the  brick  clays 
at  Jonesboro. 

Aiialysis  of  brick  earth  froni  the  surface  at  Jonesboro. 

[Dried  at  110*-115*  C.    Brackett  &  Smith,  analysts.] 

Silica  (SiOj) 79.49 

Alumina  (AljOa) 8. 71 

Iron  (FejOa) 3.43 

Lime(CaO) ] 

Biagnesia  (MgO).  [(by  difference) 2. 10 

Alkalies J 

Manganese  (MnO) 2.44 

Loee  on  ignition 3. 83 

100.00 
Air-dried  sand  in  air-dried  clay 33. 40 

Jonesboro  Brick  Company. — One  of  the  largest  plants  in  the  State 
is  that  of  the  Jonesboro  Brick  Company,  where  soft-mud  and  dry- 
pressed  bricks  are  made.  The  machines  for  molding  the  two  kinds 
of  bricks  are  placed  under  the  same  shed  and  run  by  a  central  power 
plant. 

The  clay  used  for  the  dry  press  is  loaded  into  carts  at  the  pits  by 
hand  and  drawn  to  the  dry  shed,  where  it  is  permitted  to  remain  for 
months  before  it  is  made  into  bricks.  When  sufficiently  tempered 
it  is  molded  into  bricks  and  set  in  the  kiln.  The  capacity  of  the  ma- 
chine is  20,000  bricks  a  day.  The  bricks  are  burned  in  stationarj^ 
up-draft  kilns^  and  it  requires  twelve  to  fourteen  days  to  bum  them. 
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WUt'ji  thoroui/hlv  bunu'il  ilie  bricks  are  of  a  cherrv-red  color  and 
iin?  riftisiiU^rt'tl  .substttntial. 

T\itt  w'fUifiud  machine  has  a  capacity  of  30,000  a  day.  but  it  requires 
jijHt  iw'uut  i\u'.  number  of  men  to  operate  it. 

T\ui  clay  umnl  for  making  the  wet-mud  bricks  is  the  same  as  that 
\ihfi\  ill  the  (lr>'-press  machine,  except  it  is  not  stored  in  sheds  and 
U*uiiH*n*il  before  it  is  used.  It  is  hauled  from  the  pit  in  carts  and 
dijffi|K*d  into  small  cars,  which  are  drawn  up  an  incline  by  means  of 
li  win*  ro[K9  attached  to  a  large  drum.  The  cars  are  unloaded  into  a 
bin  and  fed  into  the  machine  by  means  of  a  belt  with  cups  upon  it. 
'I'he  brick.s  are  removed  from  the  machine  and  dried  on  pallets  in  cov- 
orod  rac^ks.  It  re(juires  from  four  to  six  days  for  drying,  and  seven 
to  niru^  days  for  burning.  Stationary  up-draft  kilns  are  used.  Wood 
is  iiMod  exclusively  for  burning. 

litifitm  Lumher  and  Brick  Company. — On  the  lot  adjoining  the 
flonf*sboro  Brick  Company's  plant,  near  the  depot  of  the  Jonesboro 
and  Lake  City  Railroad,  is  the  plant  of  the  Barton  Lumber  and  Brick 
('onipany,  where  both  wet-mud  and  dry-pressed  bricks  are  made. 
Thr  bricks  are  molded  by  steam  and  the  wet  mud  is  dried  by  air  in 
(•ov(M'<mI  racks.  They  are  burned  in  up-draft  clamp  kilns,  and  require 
about  ei^ht  days  for  burning.  A  kiln  that  is  built  34  bricks  high  is 
burniMl  until  it  settles  about  8  inches. 

Saxv  Hrirlc  and  Tile  Company, — At  the  time  it  was  visited  in  June, 
P.Miri,  tli(>  plant  of  the  Saxe  Brick  and  Tile  Company  was  under  con- 
st ni<*tit)n.  When  completed  the  plant  will  have  a  capacity  of  10,000 
•I  inrh  tile  a  day,  or  its  ecjuivalent.  Tile  will  be  the  principal  product 
if  it  cim  1)0  made  from  the  clay.  Both  soft-  and  stiff-mud  machinery 
linvt*  btMMi  installiMl.  The  American  Clay  Worker  end-cut  automatic 
nuichine  hiis  been  enn^ted  for  making  stiff-mud  bricks  and  tile.  Both 
t)|>en  air  and  steam-heating  sheds  will  be  used  for  drying  the  product. 
I  >(t\\  n draft  clamp  kilns  art^  to  be  used,  wood  and  coal  serving  as  fuel. 

l*ii(riA'  lirofhtrft  lirick  (^omiHiny, — The  plant  of  the  Patrick  Broth- 
rrs  Urick  Conipany  was  established  in  1905  for  the  manufacture  of 
sdfi  nuid  building  bricks.  The  bricks  are  made  from  the  common, 
Nurfare  ivw  orkoil  loess  clay.  They  are  drieil  in  the  open  air  by  means 
of  (he  pallet  and  rack  system.  It  requires  from  six  to  nine  days  for 
dninj:  and  (vo\\\  six  to  M»von  tlavs  for  burning.  Wood  is  used  for 
bnrninj:;  I'ht*  rapacity  of  the  machine  is  12,0W  to  15,000  bricks  a 
»l«\ .  Tho  si.-.e  of  the  irivon  bricks  is  9  bv  4i  bv  2\  inches.  The  total 
hnnkMj'o  \\\  dr\u\i:  and  burninsr  is  ]  bv  A  bv  \  inch. 

/iViMf  a*  (\».7«jfi,v  ;»:',:':,'.  No  pariioulan?  of  the  Logan  &  Collans 
bih'k  plan!  wcro  x^blainod 
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CRAWFORD   COUNTY. 

GENERAL  GEOLOGY. 

The  general  geology  of  Crawford  County  is  similar  in  the  main  to 
that  of  Franklin  County  on  the  east  and  to  that  of  Sebastian  County 
on  the  south.  The  southern  part  of  the  county — a  little  more  than 
half  of  it — is  covered  by  the  upper  division  of  coal-bearing  rocks  of 
the  Carboniferous  system.  The  northern  part  is  made  up  of  rocks 
that  underlie  the  coal-bearing  beds.  Most  of  the  rocks  of  the  northern 
part  of  the  county  dip  gently  toward  the  south.  The  coal-bearing 
rocks  are  chiefly  sandstones  and  shales,  and  the  valuable  clays  of 
the  county  are  to  be  looked  for  in  these  clay  shales  or  in  the  clays 
formed  by  their  disintegration.  Other  kinds  of  clays  of  later  age 
that  are  spread  over  the  lowlands  will  be  spoken  of  under  the  head 
of  brick  clays. 

In  sec.  24,  T.  9  N.,  R.  32  W.,  the  following  geologic  section  is 
exposed  along  Arkansas  River  in  the  hills  north  of  the  town  of  Van 
Buren. 

Section  in  hills  north  of  Van  Buren. 

Feet. 
Gray  sandstone  on  hilltop 20 

Slaty  shales 120 

Hard  gray  sandstone 20 

Dark  slaty  shales 170 

Sandstone 4 

Dark  shale  at  base. 

Especial  attention  is  directed  to  this  section  as  showing  the 
enormous  thickness  of  the  shales  of  Crawford  County  in  the  vicinity 
of  Van  Buren,  on  the  very  banks  of  Arkansas  River.  The  impor- 
tance of  the  section  and  the  thickness  of  the  shales  will  be  seen  when 
it  is  realized  that  many  of  these  shales  are  available  for  the  manu- 
facture of  paving  bricks,  sewer  pipes,  and  certain  fire-clay  products 
It  should  be  remembered  also  that  these  same  beds  spread  over  a 
considerable  part  of  Crawford  County. 

One  other  section  may  be  given  as  a  type  of  Crawford  County 
rocks  and  their  sequence.  This  section  is  on  the  east  part  of  the 
hill  in  the  SW.  1  sec.  12,  T.  10  N.,  R.  29  W. 

Strtion  in  SW.  i  see.  IJ,  T.  10  N.,  R.  2U  W. 

Fret. 

Brown  sandy  shale 15 

Flaggy  sandstone 10 

Sandy  shales 10 

Thin-bedded  sandstone 10 

Sandy  shale 5 

Massive  sandstone 10 

Ckmcealed 40 

48136— Bull.  351—08 5 
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Feet. 

Dark-gray  shale 20 

Compact  sandstone 20 

Shale 20 

Concealed  to  the  creek  bed 80 

Some  of  the  shales  in  the  above  section  are  sandy,  but  samiy 
shales  are  liable  to  become  argillaceous  as  the  beds  are  traced  from 
one  locality  to  another. 

CLAY  DEPOSITS. 

Character  of  material . — Especial  emphasis  should  be  laid  upon  the. 
fact  that  the  value  of  the  clay  shales  of  Crawford  County  is  untested. 
Not  long  ago  it  was  supposed  that  only  plastic  clays  were  available 
for  the  manufacture  of  paving  bricks.  The  experience  of  the  brick- 
makers  of  Fort  Smith,  Ark.,  as  well  as  that  of  manufacturers  at 
Cheltenham,  Mo.,  and  other  places,  shows  that  many  shales  are 
available  for  brickmaking  when  properly  treated.  The  localities 
mentioned  here  must  not  therefore  be  regarded  as  the  only  ones  in 
the  county,  x>v  even  the  most  important  ones.  They  are  merely  a 
few  beds  that  were  noted  in  the  course  of  work  done  along  other 
lines  of  investigation.  The  notes  on  clays  in  section  10  are  by  C.  E. 
Siebenthal;  the  remaining  notes  on  the  clays  of  Crawford  County 
are  by  William  Kennedy. 

PlaMic  clays, — A  plastic  cream-colored  clay,  somewhat  iron 
stained,  was  found  in  digging  a  well  in  the  SW.  J  SW.  J  sec.  10, 
T.  10  N.,  R.  30  W.,  on  George  Meador's  place.  The  bed  is  said  to 
be  about  8  feet  thick.  The  same  clay  is  said  to  occur  in  many  of 
the  wells  in  this  section.  It  was  formerly  used  for  the  manufacture 
of  smoking  pipes. 

A  bluish-mottled  plastic  clay  is  exposed  in  the  NE.  }  SW.  J  sec.  8, 
T.  10  N.,  R.  30  W. 

Fire  clays, — The  disintegrated  shales  exposed  in  the  various 
localities  in  the  neighborhood  of  Alma  afford  a  material  siiitable  for 
the  manufacture  of  articles  requiring  a  clay  of  rather  high  fusing 
point. 

Near  Fine  Spring,  in  the  NE.  }  SW.  1  sec.  18,  T.  10  N.,  R.  30  W., 
the  day  is  divided  into  an  upper  bed  of  yellow  clay,  4  inches  thick, 
overlying  a  bed  of  dark-blue  clay.  The  thickness  of  this  blue  clay 
is  not  known,  but  it  is  said  to  have  been  dug  into  by  Mr.  W.  M. 
James,  the  owner  of  the  land,  to  a  depth  of  7  feet.  . 

This  same  kind  of  clay  is  also  found  in  the  E.  i  NW.  J  SE.  J  sec.  18 
and  the  NW.  J  SW.  }  sec.  17  of  the  same  township  and  range.  The 
deposit  at  Fine  Spring  is  in  the  side  of  a  hill,  and  is  so  covered  with 
detritus  as  not  to  be  visible  without  digging.  This  detritus  consists 
for  the  most  part  of  blocks  of  sandstone  and  shaly  fragments  derived 
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from  beds  overlying  the  clay.  These  overlying  beds  have  a  thick- 
ness of  more  than  50  feet. 

To  obtain  tliis  clay  it  will  be  necessaiy  to  resort  to  mining.  The 
thickness  of  the  material  will  favor  this,  and  there  is  an  abundance 
of  timber  in  the  neighborhood  for  mining  purposes.  It  is  not  possible 
at  present,  however,  to  foresee  the  depth  to  which  the  soft  clays  may 
reach  before  assuming  their  normal  condition  as  shales.  The  deposit 
lies  within  2i  miles  of  Rudy  station,  on  the  St.  Louis  and  San  Fran- 
cisco Railroad,  and  5  miles  from  Alma,  on  the  St.  T^ouis,  Iron  Mountain 
and  Southern  Railway.  This  clay  is  said  to  have  been  tested  at  St. 
Louis  and  at  Fort  Smith,  but  no  satisfactory  information  could  be 
gained  regarding  the  parties  interested  in  or  making  the  tests.  The 
darlc  clay  has  been  tested  in  the  laboratory  of  the  Arkansas  Geolog- 
ical Survey  for  loss  in  burning.  The  clay  burned  to  a  whitish-yellow 
color  and  the  loss  due  to  the  burning  amounted  to  9.71  per  cent. 

Van  Buren  clays, — The  most  valuable  soft  clays  at  and  around 
Van  Buren  are  those  formed  by  the  disintegration  of  the  Carbonif- 
erous shales.  The  localities  mentioned  below  are  the  ones  at  which 
the  deposits  appear  to  be  most  suitable  and  most  advantageously 
situated  for  working. 

About  3  miles  northeast  of  Van  Buren,  in  the  SW!  }  NW.  }  sec.  16, 
T.  9  N.,  R.  31  W.,  close  to  Hendrick's  coal  opening,  is  a  light-blue 
clay  which  bums  to  a  bright  yellow.  Small  test  pieces  of  v^eLve 
said  to  have  been  made  from  this  clay  show  good,  sound  texture 
and  a  bright  yellow  color.  No  definite  information,  however,  could 
be  obtained  regarding  the  parties  who  made  these  tests 

The  bed  varies  in  thickness  froiA  18  inches  to  6  feet.  The  clay 
was  tested  for  brickmaking  purposes  at  Fort  Smith  by  Pendell  & 
Morrison  for  Mr.  L.  D.  Middleton.  Eleven  carloads  of  this  clay  were 
manufactured  into  4,500  bricks,  which  were  used  by  Mr.  Middleton 
to  line  his  limekiln  at  Fayetteville.  The  limekiln  was  kept  burning 
for  twenty-seven  consecutive  days.  At  the  end  of  that  time  the 
bricks  were  examined  and  found  in  perfect  order,  though  highly 
vitrified.  In  the  manufacture  of  these  bricks  Messrs.  Pendell  & 
Morrison  were  troubled  by  the  stickiness  of  the  clay,  and  in  order  to 
work  it  in  their  machine  were  obliged  to  mix  with  it  the  sandy, 
brownish-yellow  clay  used  in  making  their  ordinaiy  building  brick. 
No  definite  proportion  was  obsei'ved  in  the  mixture,  however,  only 
enough  of  the  sandy  clay  being  added  to  render  the  material  workable. 

Analyses  jof  the  clays  used  in  making  these  bricks  are  given  below. 

Analytis  of  clay  from  SW,  i  NW.  i  sec.  16,  T.  9  N.,  R.  SI  W. 

[Brackett  <Se  Smith,  analysts.] 

SUica  (SiOj) 64 .  63 

Alumina  (AI4O,) 24.71 

Iron  (foiric)  oxide  (FeaOj) 3. 71 
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Lime(CaO) 0.31 

Magnesia  (MgO) 41 

Potash  ( KjO) 2 .  03 

SodaCNaaO) 94 

Loss  on  ignition 6. 52 

102.26 

Sand  in  specimen,  very  tine 3. 43 

Water  at  110^-115°  0 3.02 

The  following  analysis  gives  the  combination  of  the  sandy  clay 
mixed  with  the  above,  obtained  from  Messrs.  Pendell  &  Morrison's 
brickyard : 

Analysis  of  clay  front  Pendell  <t*  Morrison's  yard.  Fort  Smith. 

[Brackett  A:  Smith,  analysts.] 
SUicaCSiOa) 70.26 

Alumina  (AlA) 11-74 

Iron  (ferric)  oxide  ( Fe^Oa) 4. 54 

Limc(CaO) 39 

Magnesia  (MgO) 79 

Potash  (ICjO) 1. 28 

Soda(Na^O) 98 

Loss  on  ignition 3. 82 

99.80 

Sand 47 .  79 

Waterat  110°-115°C 3.71 


» 


The  clay  from  Van  Buren  is  said  to  have  been  tested  by  the  Laclede 
Company  at  Cheltenham,  Mo.,  and  by  the  Clinton  Pottery  Company 
at  Clinton,  Mo.,  but  the  results  of  these  tests  have  not  been  ascer- 
tained. 

On  Bridge's  place,  in  the  SE.  J  NW.  }  sec.  36,  T.  10  N.,  R.  32  W., 
about  3i  miles  from  Lily  station  on  the  St.  Louis  and  San  Francisco 
Railroad,  is  a  light-blue  clay  which  bums  to  a  yellow. 

Mr.  Meyers  sent  some  of  this  clay  to  St.  Louis,  where  it  was  made 
into  biscuit  ware  for  decorative  purposes.  The  ware  has  a  bright 
yellow  color.  The  name  of  the  manufacturer  of  the  ware  could  not 
be  learned. 

Clay  from  this  locality  is  said  to  have  been  tested  at  St.  Louis,  by 
the  Clinton  Pottery  Company  at  Clinton,  Mo.,  and  by  Messrs.  Sailor 
Si  Bevens  at  Weir  City,  Kans.,  the  laijt-nanied  firm  having  used  it 
for  the  manufacture  of  retorts.     The  analysis  is  given  below 

Analysis  of  clay  from  Bridge's  place,  sec.  36,  T,  10  JV.,  R.  Sji  W, 

[Brackott  6i  Smith,  analysts.] 

Silica  (SiOj) 67.64 

Alumina  ( AI3O3) 2x  57 

Ferric  oxide  (FC3O3) .,'  ^^ 

Limc(CaO) ^"27 
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Magnesia  (MgO) 0. 62 

Potash  (KjO) 1. 63 

SodaCNaaO) 57 

Loss 5.  53 

100. 31 
Sand. 

Water  at  1 10°-1 15°  C 2. 85 

The  same  class  of  clay  is  said  to  have  been  found  in  wells  in  the 
E.  i  N.  J  SW.  }  sec.  36,  and  also  in  a  well  10  feet  deep  in  the  E.  i 
NW.  J  sec.  31,  T.  10  N.,  R.  31  W.,  where  it  is  reported  to  be  4  feet 
thick. 

An  excavation  made  in  the  SE.  J  NE.  }  sec.  17,  T.  9  N.,  R.  31  W., 
by  J.  L.  Rea,  in  prospecting  for  clay  similar  to  that  found  on  the 
western  side  of  sec.  16,  passed  through  about  10  feet  of  Carboniferous 
shales,  but  encountered  no  soft  clay. 

In  digging  foundations  for  a  house  on  Mrs.  Moore's  farm,  near 
Lees  Creek,  in  sec.  15,  T.  9  N.,  R.  32  W.,  a  fine  white  clay  was  dis- 
covered under  the  creek  bottom  land.  On  the  road  from  Van*Buren 
to  Dora  station  there  are  several  exposures  of  yellow  clay,  in  places 
overlain  by  red  clay.  At  Mrs.  Moore's  house  and  along  the  northern 
half  of  the  southeast  quarter  of  the  section  the  red  clay  overlying  the 
yellow  has  an  average  depth  of  about  2  feet.* 

In  the  NE.  J  SW.  }  sec.  17,  T.  9  N.,  R.  32  W.,  a  well  10  feet  deep 
passed  through  18  inches  of  fine  gray  clay  at  the  bottom  of  the  well. 

In  the  SW.  }  NE.  J  sec.  30,  T.  9  N.,  R.  31  W.,  the  underlying  clay 
is  mottled,  and  has  a  thickness  of  3  feet.  On  the  east  side  of  the  hill 
on  which  Mr.  Meyers's  house  is  situated  a  stiff  dark-red  clay  overlies 
the  mottled  clay.  This  red  clay  is  similar  in  appearance  and  texture 
to  that  in  the  N.  §  SE.  J  sec.  15,  T.  9  N.,  R.  32  W. 

Near  the  Van  Buren  freighf  depot  of  the  St.  Louis  and  San  Fran- 
cisco Railroad  the  blue  and  red  clays  rest  directly  upon  black  shale. 

In  the  SE.  {  SW.  i  sec.  18  and  the  SW.  J  NE.  i  sec.  19,  T.  9  N., 
R.  31  W.,  the  railroad  cuts  expose  a  brown  clay  resting  upon  a  mot- 
tled red  and  yellowish-white  clay. 

Brick  clays, — At  the  western  end  of  the  town  of  Alma  there  is  an 
area  covered  by  a  brownish  brick  earth  showing  in  places  a  depth  of  5 
to  7  feet.  It  lies  in  T.  9  N.,  R.  30  W.,  in  the  following  sections :  SW.  \ 
SW.  }  sec.  5;  SE.  }  SE.  }  sec.  6;  the  greater  part  of  E.  i  sec.  7;  the 
west  side  of  sec.  8;  and  the  land  extending  southward  to  the  creek  in 
the  SW.  }  NW.  }  sec.  17. 

In  the  SW.  }  NW.  \  sec.  17  the  brownish-yellow  brick  earth  is 
underlain  by  a  yellowish-blue  clay,  which  rests  upon  Carboniferous 
shale.  Both  clays  contain  nodules  of  iron,  which  become  more 
plentiful  toward  the  base  of  the  beds. 
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From  the  eastern  end  of  the  town  of  Alma  to  Dyer  station,  in  sec. 
36,  T.  10  N.,  R.  30  W.,  on  the  St.  Louis,  Iron  Mountain  and  Southern 
Railway,  this  brownish-yellow  brick  earth  lies  on  both  sides  of  the 
railway  track.  At  Dyer  it  has  a  yellowish  color.  It  is  exposed  in 
the  cuts  east  of  Dyer  as  far  as  Mulberry. 

No  bricks  are  made  at  Alma.  In  1886  two  or  three  kilns  were 
jnade  from  the  brick  earth  in  sec.  9  for  local  use  by  Hon.  M.  F.  Locke. 
They  were  hand  made  and  burned  to  a  gray  color  and  are  spotted 
with  iron. 

The  fuel  used  at  Alma  is  chiefly  wood,  but  coal  can  easily  be 
obtained  from  Sullivant's  mine,  2  miles  from  town.  Wood  ranges 
in  price  from  $1.25  to  $2  a  cord,  and  coal  costs  $2.50  a  ton  delivered. 

On  the  west  bank  of  Clear  Creek,  at  the  place  w^here  it  is  crossed 
by  the  St.  Louis,  Iron  Mountain  and  Southern  Railway,  1}  miles  west 
of  Alma,  the  following  section  is  exposed : 

Section  on  Clear  Creek,  near  Alma. 

¥dl()w  brick  claya. 

Mottled  fawn  colored  and  yidlow  clay. 

\VaU»rwom  cobbles. 

Hlack  shales  of  the  "Coal  Measures.*' 

The  yellow  and  mottled  clays  of  this  section  aggregate  about  25 
feet  in  thickness.     These  clays  become  thinner  west  of  Clear  Creek. 

Bricks  were  formerly  made  at  Van  Buren,  but  work  there  has  been 
discontinued.  They  were  manufactured  from  a  brownish  clay  found 
lying  between  the  line  of  the  St.  Louis  and  San  Francisco  Railroad 
and  the  shale  escarpment  to  the  west.  This  ground  lies  chiefly  in  the 
SE.  J  sec.  24,  T.  9  N.,  R.  32  W.,  and  the  SW.  J  sec.  10,  T.  9  N.,  R. 
31  W.  The  clays  used  for  brickmaking  are  similar  to  clays  in  other 
districts  in  the  western  part  of  the  Stajc.  The  beds  arc  divided  by  .a 
colored  line  into  an  upper  and  a  lower  division.  The  lower  division 
is  darker  and  contains  more  iron  than  the  upper.  This  upper  divi- 
sion is  a  light-brown  sandy  clay  and  is  about  2  feet  thick  in  the 
vicinity  of  Van  Buren. 

CRITTENDEN   COUNTY. 

Crittenden  County  lies  entirely  in  the  overflowed  land  of  the  Missis- 
sippi, its  surface  standing  but  a  few  feet  above  low-water  mark  along 
the  river.  The  lowest  point  along  the  Kansas  City,  Fort  Scott  and 
Memphis  Railroad  (Frisco  System)  between  Memphis  and  Decker- 
ville  is  223  feet  and  the  highest  point  228  feet  above  sea  level. 

The  surface  of  the  county  is  marked  by  small  lakes,  abandoned 
stream  channels,  and  s|jiggish  streams.  Near  Marion,  Grassy  Lake, 
and  other  places  there  are  deep  depressions,  doubtless  representing 
former  channels  of  the  Mississippi.  The  one  north  of  Marion  is  about 
1  mile  wide  and  has  trees  grovring  in  it  3  to  4  feet  in  diameter.     The 


CROSS   COUNTY.  71 

oxbow  shape  of  the  depression  and  its  continuation  across  the  countn- 
indicate  that  it  is  an  old  river  channel  and  not  simply  a  depression. 

The  old  channel  at  Grassy  Lake  is  about  1  mile  wide  and  the  level 
of  the  water  is  20  feet  or  more  below  the  level  of  the  country  at 
Crawfordville. 

Most  of  the  soil  of  the  county  is  composed  of  sand  and  silty  clay, 
resulting  from  repeated  overflows  of  Mississippi  River.  At  no  place 
is  the  material  suitable  for  making  common  bricks  unless  the  yellow- 
ish surface  loam  that  occurs  at  a  few  places  near  the  center  of  the 
county  may  be  used  for  this  purpose.  Crawfordville  and  Earl  are 
situated  on  small  ridges  which^are  said  to  extend  in  a  northeast- 
southwest  direction.  These  ridges  contain  at  the  surface  a  thin 
surface  loam  which  is  somewhat  similar  to  the  vellow  loam  in  the 
prairie  lands  west  of  Crowleys  Ridge. 

At  present  no  bricks  are  manufactured  in  the  county. 

CROSS   COUNTY, 

GENERAL  GEOLOGY. 

Crowleys  Ridge  extends  through  Cross  County  near  the  center  in  a 
north-south  direction.  The  eastern  half  of  the  county  is  a  low  bottom 
country  traversed  by  St.  Francis  River  and  St.  Francis  Bayou.  Al- 
most the  entire  area  east  of  the  ridge  is  covered  by  alluvial  deposits. 
St.  Francis  Bayou  hugs  the  foot  of  Crowleys  Ridge,  which  forms  a 
steep  erosion  scarp  across  the  county. 

The  geology  of  the  county  is  best  studied  along  the  steep  eastward- 
facing  bluffs  of  Crowleys  Ridge.  The  lower  Tertiary  strata  outcrop  at 
the  base  of  the  ridge  and  extend  65  to  75  feet  up  its  sides;  above  this 
comes  18  to  20  feet  of  waterwom  pebbles  and  coarse  sand,  which  cor- 
responds to  the  Lafayette  of  Mississippi  and  Tennessee,  and  is  but 
roughly  stratified.  This  in  turn  is  overlain  by  loess,  with  a  maximum 
thickness  of  50  to  60  feet. 

The  following  is  a  section  along  the  creek  east  of  Wynne,  at  a  point 
three-fourths  of  a  mile  southeast  of  the  3-mile  post  on  the  railroad: 

Section  S  miles  east  of  Wynne. 

Foot . 

1.  lioess  capping  top  of  hill;  in  places  stratified  and  containins: 

numerous  lime  concretions  and  land  shells;  lower  5  feet  con- 
tains sand  and  pebbles  derived  from  underlying  Lafayette. . .        18 
Unconformity;  top  of  Tertiary. 

2.  Coarse  oxidized  sands  and  pebbles,  which  correspond  to  the 

Lafayette  of  Mississippi  and  Tennessee IS 

3.  Gray  to   lemon-colored    sand,  with  thin  layers  of   pale-gray 

aandy  clay 20  22 

4.  Brown  lignite  and  lignitic  clay 1 

5.  Clay  sand  similar  to  No.  4 S 

6.  Landslide,  which  has  covered  the  rest  of  the  hillside  to  hase 

bluff 30 
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The  bed  of  the  creek  one-half  mile  north  of  the  above  locality  is  65 
feet  below  the  top  of  the  Tertiary  beds  in  the  above  section.  The  Ter- 
tiary strata  of  the  section  at  the  cre^k  for  30  feet  above  the  water, 
forming  a  continuous  section  with  the  one  given  above,  consist  of  dark- 
blue  clay  interstratified  with  coarse  sand,  which  contains  large  iron 
concretions  1  foot  or  more  in  diameter.  Besides  the  iron  there  are 
numerous  smaller  lime  concretions.  The  blue  clay  where  exposed  in 
the  bluff  sloughs  off  in  large,  vertical  slabs.  It  contains  more  or  less 
mica,  selenite,  and  alum  salts.     Thickness,  30  to  35  feet. 

On  the  west  side  of  Crowleys  Ridge  the  slope  is  more  gentle  and  the 
Tertiarj'  strata  are  covered  by  talus  from  the  ridge.  The  surface  ma- 
terial in  the  adjacent  level  land  is  gray  to  yellowish  sandy  clay,  which 
is  used  for  brick  manufacture.  In  the  town  of  Wynne  this  surface 
clay  is  i)enetrated  in  the  wells  at  a  depth  of  40  fe«t. 

CLAY  DEPOSITS. 

The  most  important  clay  in  the  coimty  is  the  common  brick  clay. 
The  loess  and  yellow  loam  on  the  top  and  the  west  slope  of  Crowleys 
Ridge  form  an  inexhaustible  supply  of  common  wet-mud  and  pressed- 
brick  clavs. 

One  mile  east  of  WjTine  the  following  section  in  the  railroad  cut 
shows  the  variation  in  the  color  and  character  of  the  loess: 

Stction  in  raUroad  cut  1  miU  east  of  Wynnr. 

Feet. 

Lieht-erav  to  buff  loess 10 

RetidLi?h  loess  c*ontaining  tine  «and 20-30 

White  loess  with  more  or  le^  t<eattereil  pebbles  ami  s«nd. 5-10 

Tlie  reddish  loess  would  doubtless  be  better  adapted  to  the  manu- 
facture of  brick  than  the  upper  or  lower  layer.  It  contains  a  large 
amount  of  iron  oxide  and  would  bum  to  a  bright  red.  Where  the 
calcareous  loess  is  used  without  mixinji:  it  with  sandv  clavs  there  is 
great  danger  of  getting  the  bricks  tiH>  sc>ft  by  adding  tOi>  much  water. 

Then*  is  a  betl  of  g^nnl  sewer-pi|H^  and  tile  clay  at  the  base  of  a  sec- 
tion in  the  Teniar>-  of  Cn>ss  County  near  the  village  of  Cherry  Valley. 
The  locality  is  in  the  XE.  i  XW.  j' six.  23,  T,  9  X..  R.  3  E.  The  clay 
is  exposetl  in  the  bottom  of  the  crook  to  a  depth  of  3  foet^  and  extend 
do^-nwanl  to  an  unknown  depth.  It  i^^  a  iino  litrlit-iirab  clav.  unctu- 
ous  to  the  touch  and  apparently  suittnl  to  the  manufacture  of  sewer 
pipe.  It  is  more  like  }hu tor's  clay  than  any  other  clay  that  has  been 
fouml  in  the  i>tnvlo>-s  Ridgt^  ootmtn .  Thon^  is  a  similar  deposit  at 
the  bast-  of  the  s^vtion  oxihk^hI  at  IXniblo  Head  UlutT  in  St.  Francis 
County,  near  the  water  lovoK  Tho  Uvalitv  is  in  the  XW.  J  XW.  \  sec. 
IS,  T.  o  X..  R.  4  E.  It  is  much  thicker  hon>  than  at  Cherry  Vallev 
on  the  opiH^iie  side  of  i'nAvloys  Kidgt\  and  it  is  iHv^ibly  identical 
wii h  it.  Xoii her  of  i luv^^  clavs  ar\^  tirx^  clays  and  wuld  not  be  success- 
fullv  usetl  for  lirv  brick. 
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CLAY  INDUSTRY. 

The  plant  of  the  Wynne  Brick  Company  is  located  at  the  foot  of 
Crowleys  Ridge,  about  one-half  mile  east  of  the  station  at  Wynne. 
The  reworked  clay  from  the  ridge  is  used  in  the  manufacture  of  brick. 
Common  soft-mud  bricks  are  made,  which  are  pugged  and  molded  by 
machinery.  They  are  dried  under  covered  racks  in  the  open  air. 
Up-draft  scove  kilns  are  used  for  burning  the  bricks.  The  kilns  hold 
from  100,000  to  250,000  bricks.  It  requires  about  eleven  days  to 
hum  the  brick,  using  one-fourth  of  a  cord  of  wood  and  one-half  ton  of 
coal  per  thousand  bricks.  The  clay  is  very  easily  overbumed.  Near 
the  eyes  in  the  kilns  the  bricks  are  often  burned  to  a  vitreous  mass, 
while  on  the  outer  edges  they  are  not  burned  hard  enough.  The 
loss  in  burning  and  hauling  is  estimated  by  the  superintendent  to  be 
abcJut  one-third.  The  size  of  the  molds  used  at  this  plant  is  9  by  4} 
by  2i  inch^.  When  burned  the  bricks  measure  about  8  by  4  by  2  J 
inches. 

The  water  used  for  the  boiler  comes  from  a  bored  well  250  feet  deep. 
It  stands  within  100  feet  of  the  surface. 

DAL.1^8   COUNTY." 

GENERAL  GEOLOGY. 

Dallas  County  is  in  the  south-central  part  of  the  State,  entirely 
within  the  Tertiary  area.  The  rocks  here,  as  in  other  portions  of  the 
Tertiary  area,  are  soft,  horizontally  bedded  clays,  sands,  and  brown 
coals,  variously  interstratified,  the  whole  overlain  by  coarse  sand  and 
gravel  of  varying  thickness.  The  northwest  quarter  of  the  county  is 
the  highest,  and  from  this  region  the  surface  slopes  eastward  and 
southward.  The  topography  is  of  the  undulating  character  that  is 
common  in  regions  covered  with  soft  and  easily  eroded  strata. 

CLAY  DEPOSITS. 
CHARACTER   OF   THE   CLAYS. 

Potter's,  fire,  and  brick  clays  are  found  in  Dallas  County  in  practi- 
cally unlimited  quantities.  That  the  potter^s  clay  is  of  good  quality 
is  shown  by  the  fact  that  the  ware  made  from  this  clay  compares 
favorably  with  that  made  from  clays  worked  at  other  localities.  It 
has  been  used  locally  to  a  small  extent  as  fire  clay  in  laying  up  fur- 
naces, etc.  It  has  also  been  used  as  a  whitewash,  and  when  so  used  it 
gives  a.  smooth  coat  of  a  pleasing,  slightly  bluish  tint.  For  such  pur- 
poses it  is  dissolved  in  buttermilk  and  boiled,  and  it  is  claimed  that  the 
composition  furnishes  about  as  durable  a  coating  as  that  made  with 
lime. 

a  The  matter  relating  to  Dallas  County  is  taken  almost  entirely  from  C.  £.  Siebenthars  report  on  thia 
ooimty  in  Ann.  Kept.  Qeol.  Survey  Arkansas  for  1891,  pp.  278et  seq. 
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It  has  been  found  that  potteries  here  can  not  compete,  except  in 
local  markets,  with  potteries  that  are  situated  on  railways  and  that 
work  clay  equally  good.  The  future  of  the  pottery  industry  in 
Dallas  County  therefore  depends  on  facility  of  transportation  of  the 
product  to  markets. 

CLAY   BEDS    WORKED. 

Since  the  stratigraphy  of  these  clays  has  not  been  worked  out  in 
sufficient  detail  to  permit  their  discussion  in  natural  sequence,  it  is 
perhaps  best  first  to  describe  in  detail  those  beds  which  have  at  one 
time  or  another  been  opened  and  worked,  together  with  those  of  w^hich 
the  clays  have  been  analyzed,  and  afterward  to  take  up  the  miscella- 
neous outcrops  and  well  records. 

Butler  clay, — The  first  clay  bed  opened  in  Dallas  County  was  prob- 
ably that  which  became  known  as  the  Butler  bed.  This  bed  is  in 
sec.  4,  T.  8  S.,  R.  15  W.,  about  400  yards  east  of  the  southwest  sec- 
tion comer,  on  the  west  bank  of  a  head  of  East  Tulip  Creek,  at  an 
elevation  of  350  feet  above  sea  level.  Clay  has  not  been  taken  from 
this  pit  for  many  yeai-s,  and  the  only  traces  of  early  operations  are 
seen  in  a  hollow  that  was  scooped  out  of  the  creek  bank  and  has 
since  filled  with  debris.  In  a  gully  about  100  yards  north  of  this 
opening  4  feeti  of  lignite  outcrops  and  is  overlain  by  a  plastic  white 
clay,  similar  to  Tail's  clay,  which  occurs  about  one-half  mile  north 
of  this  place.  (See  p.  76.)  Clay  was  also  taken  from  an  old  field 
about  one-fourth  mile  south  of  the  opening  first  mentioned,  but  the 
old  pit  has  long  been  filled  with  debris. 

CTieatliain  cluy. — The  next  bed  opened  was  the  Cheatham  bed,  on 
DrA^  Tulip  Creek,  in  the  NW.  \  NE.  }  sec.  22,  T.  8  S.,  R.  15  W.  The 
clay  was  worked  back  a  little  way  from  the  creek  on  a  small  drain, 
but  no  exposure  can  now  be  seen  on  account  of  the  debris  that  con- 
ceals the  bed.  On  the  creek  bank  about  100  yards  south  of  this 
locality  the  following  section  is  exposed  at  an  elevaticm  of  260  feet 
above  sea  level : 

Sectinn  nrar  (liratJmin  r  upper  hrd,  Pn/  Tulip  Crreh. 

FMt. 

Soil  and  gravel 2 

Argillaceous  shale 4 

Soft  sandstone 3J 

riav  and  shale 2 

Lignite 1 

Stiff  clay  (partly  concealed  i 4 

Lignite 3-4 

White,  plastic  clay 5 

Clay  has  also  been  taken  from  a  bluff  on  the  west  side  of  the  creek 
one-half  mile  farther  south,  in  the  southwest  quarter  of  the  north- 
east quarter  of  the  same  section.     The  elevation  above  sea  is  255 


DALLAS    COUNTY.  75 

feet.  From  6  to  8  feet  of  gray  joint  clay  is  exposed.  The  lignite 
bed  of  the  upper  bank  was  not  observed  here,  but  the  upper  part  of 
the  bluff  is  covered  ynth  debris.  The  clay  is  fine  graineil,  with  some 
grit,  and  cUngs  strongly  to  the  tongue.  This  clay  has  l>een  used 
more  extensivelv  than  any  other  in  the  countv  and  has  unifomilv 
been  pronounced  good  by  potters. 

Bird  day. — The  Bird  clay  bed  outcrops  on  a  hillside  near  one  of 
the  small  streams  flowing  from  the  south  into  Cox  Creek,  in  the 
NW.  i  NE.  i  sec.  6,  T.  7  S.,  R.  15  W.  The  same  clay  outcrops  farther 
west,  around  the  head  of  Cox  Creek,  and  farther  east  along  the 
breaks  of  the  hills  skirting  the  north  edge  of  Gum  Bottom.  The  por- 
tion of  the  bed  that  was  worked  stands  390  feet  above  sea  level,  but 
clay  of  apparently  the  same  quaUty  outcrops  in  places  in  the  drain 
all  the  way  up  to  the  elevation  of  440  feet.  This  would  indicate 
that  the  bed  is  about  50  feet  thick.  At  the  pit  about  15  feet  is 
exposed.  This  clay  is  said  to  have  the  disadvantage  of  being  diffi- 
cult to  dry  without  cracking.  This  fault  could  be  remedied  hv  a 
judicious  admixture  of  other  clays.  When  freshly  exposed  the  clay 
is  light  bluish  in  color  and  very  plastic.  It  is  very  fine  grained  and 
contains  but  little  grit. 

Analysis  indicates  that  this  is  a  good  clay,  the  silica  and  alumina 
being  in  good  proportion  and  the  percentages  of  the  fluxes  very 
moderate. 

Welch  day.— Tins  bed  is  located  in  the  SE.  \  SW.  }  sec.  6,  T.  8  S., 
R.  15  W.  The  bed  stands  355  feet  above  sea  level,  making  it  corre- 
spond very  closely  in  elevation  with  the  Butler  clay,  described  above. 
The  bed  has  been  dug  into  for  7  or  8  feet,  and  the  quality  of  the  clay 
improved  and  its  color  became  lighter  as  greater  depth  was  reached. 
The  clay  occurs  in  angular  lumps,  is  light  bluish  gray  in  color,  and 
is  very  fine  grained,  with  little  grit.  Mr.  Welch  reports  that  the 
joint  spaces  are  filled  with  a  crystalline  substance  somewhat  resem- 
bling common  salt,  and  that  particles  of  this  substance  become 
embedded  in  the  ware  and  make  blisters  when  burning.  Samples  of 
ware  made  from  this  clay  are  hard  and  close  bodied.  It  bums  to  a 
gray  slate  color  when  perfectly  done,  the  softer  pieces  varying  from 
yellow  to  brown. 

Mr.  Welch  reports  that  he  is  unable  to  use  the  common  slip  glaze  on 
this  clay,  for  the  reason  that  the  heat  necessary  to  melt  the  glaze 
melts  the  ware  also,  and  that  he  is  compelled  to  glaze  with  common 
salt,  which,  however,  is  very  satisfactory.  The  ware  made  from 
this  clay  shows  to  some  extent  a  feature  mentioned  in  connection 
with  the  Bird  clay — a  tendency  to  crack  and  warp  in  the  dry  house. 

SvUenbarger  day. — The  Sullenbarger  clay  bed  is  in  the  NE.  J. sec. 
20,  T.  8  S.,  R.  15  W.  The  clay  was  used  by  Lafayette  Glass  in 
1870.     Nothing  can  be  seen  of  the  clay  used,  as  the  pit  has    long 
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been  filled  up,  but  about  200  yards  farther  north,  up  the  drain,  5  or 
6  feet  of  rather  dark  gray  clay  outcrops,  and  this  is  reported  to  be 
similar  to  that  used.  It  contains  considerable  sand,  and  although 
not  very  plastic  has  a  soapy  feel  when  rubbed  in  a  damp  state.  The 
ware  made  from  the  Sullenbarger  clay  is  thick  and  somewhat  por- 
ous. A  combination  of  this  clay  and  the  Welch  clay  was  tried  by 
Mr.  Welch,  who  reports  that  the  mixture  worked  more  freely  than 
the  Welch  clay  alone  and  that  there  was  less  liability  of  cracking  in 
drying  or  burning.  This  bed  stands  260  feet  above  sea  level.  It  is 
difficult  to  correlate  this  with  any  other  bed  in  or  near  the  Cheatham 
section.  No  outcrop  of  lignite  was  observed  near  by,  nor  was  any 
reported  in  this  vicinity.  This  clay  probably  comes  above  the 
Cheatham  section,  as  the  clay  supplied  came  from  an  elevation  of 
280  feet.  If  these  beds  are  to  be  correlated  with  any  in  the  Cheat- 
ham section,  it  is  evident  that  the  character  of  the  clay  changes 
greatly  in  the  distance  between  these  localities. 

Green's  clay.-  In  the  SW.  }  NW.  \  sec.  5,  T.  8  S.,  R.  15  W.,  a  clay 
outcrops  at  an  elevation  of  440  feet  about  100  yards  north  of  Mrs. 
M.  C.  Greenes,  in  a  small  drain  that  runs  west  into  Tunstle  Creek. 
The  bed  is  about  10  feet  thick.  The  clay  is  light  gray  in  color,  is 
plastic,  has  Httle  grit,  and  clings  slightly  to  the  tongue. 

The  refractoriness  of  this  clay  is  not  very  high,  yet  it  is  by  no 
means  so  low  as  that  of  the  Cheatham  clay,  which  has  been  very 
successfully  used  for  pottery.  The  percentage  of  sand  present  is 
not  large  enough  to  be  injurious.  The  analysis  of  the  clay,  as  well 
as  its  physical  appearance,  indicates  that  it  could  be  successfully 
worked  into  ware. 

Tail's  clay— The  clay  at  Mrs.  Chloe  Tail's  place,  in  the  N.  i  SW.  } 
sec.  4,  T.  8  S.,  R.  15  W.,  at  an  elevation  of  370  feet,  is  light  grayish 
in  color  and  very  plastic  and  carries  a  small  quantity  of  rather  coarse 
grained  grit.     It  includes  small  lighter  or  white  particles. 

This  clay  closely  resembles  the  Bird  clay,  not  only  in  physical 
appearance,  but  also  in  chemical  composition,  and  will  be  found  suit- 
able for  all  uses  for  which  the  Bird  clay  is  available.  For  practical 
purposes  the  quantity  of  this  clay  is  imlimited. 

Cimcder's  clay. — W.  A.  Crowder's  clay  is  in  the  SE.  }  NE.  i  sec."  8, 
T.  7  S.,  R.  14  W.  About  4  feet  of  the  bed  is  exposed  in  the  banks 
and  bed  of  a  small  drain  that  flows  into  Miller  Creek  at  an  elevation 
of  about  290  feet  above  sea  level.  The  clay  can  be  seen  only  in  a 
weathered  condition,  but  as  such  it  is  very  tough,  plastic,  has  little 
grit,  and  is  one  of  the  whitest  clays  examined. 

In  refractoriness  this  clay  comes  among  those  so  much  used  for 
pottery  about  Benton,  Ark.,  and  just  below  the  finest  china  clay 
from  Cornwall,  England,  wliich  it  very  much  resembles  in  chemical 
compositicm.     There  can  be  no  doubt  that  it  is  of  the  best  quality. 
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The  same  bed  crops  out  half  a  mile  farther  east,  and  search  would 
undoubtedly  reveal  it  in  all  the  hollows  in  the  neighborhood. 

Clarks  Creek  day, — In  the  SE.  }  sec.  1,  T.  8  S.,  R.  15  W.,  at  an 
elevation  of  280  feet,  in  the  bank  of  a  small  drain  running  into  Clarks 
Creek,  there  is  an  exposure  of  4  or  5  feet  of  tough,  plastic  clay  con- 
taining scarcely  any  grit.  With  the  exception  of  about  1  foot  in  the 
middle  of  the  bed,  this  clay  is  light  gray  in  color.  The  middle  layer 
is  of  lavender  color  and  has  a  peculiar  odor  and  a  sharp,  bitter  taste. 

This  very  interesting  clay  deserves  a  more  extended  examination 
than  it  has  been  possible  to  give  it  in  this  investigation.  In  several 
places  within  a  mile  or  so  of  this  occurrence,  clay  of  apparently  the 
same  quality  outcrops  at  the  same  elevation,  so  that  there  must  be 
almost  imlimited  quantities  of  this  clay. 

Ramsey  clay, — The  Ramsey  clay  is  exposed  about  one-half  mile 
east  of  Ramsey  post-oflBce,  in  the  NW.  J  sec.  9,  T.  10  S.,  R.  13  W. 
The  clay  crops  out  in  a  drain  beside  the  Fordyce-Princeton  road  at 
an  elevation  of  about  265  feet.  The  bed  is  exposed  to  a  thickness  of 
10  feet.  The  clay  is  light  bluish  gray  in  color  and  very  plastic,  and 
the  small  amount  of  grit  is  very  fme  grained. 

The  proportion  of  alumina  and  silica  in  this  clay  is  such  that  its 
refractoriness  would  be  high  were  it  not  for  the  injurious  amount  of 
fluxes  it  contains,  especially  of  magnesia,  of  which  it  contains  more 
than  any  of  the  other  clays  analyzed.  As  it  is,  its  refractoriness 
compares  favorably  with  that  of  the  Welch  clay,  and  it  may  be  used 
for  all  purposes  for  which  the  Welch  clay  is  suitable.  The  quantity 
of  this  clay  is  apparently  unlimited. 

WormM's  day, — W.  L.  Wormac's  clay  bed  is  in  the  NW.  \  NW.  \ 
sec.  29,  T.  10  S.,  R.  14  W.,  at  an  elevation  of  260  feet  above  sea  level. 
It  outcrops  to  a  thickness  of  4  feet  at  the  foot  of  the  west  bank  of 
Freeo  Creek.  A  small  drain  empties  into  the  creek  at  this  place,  and 
the  clay  crops  out  in  this  drain  up  to  a  spring  which  is  10  feet  above 
and  which  probably  emerges  just  above  the  clay.  The  clay  also 
forms  the  bed  of  the  creek  for  some  distance  south  (downstream). 
This  clay  is  of  a  dark  slaty  blue  color,  with  a  waxy  luster  when  freshly 
exposed,  but  dries  to  a  dull  light  drab. 

The  upper  part  of  the  bed,  as  exposed  in  the  drain,  is  lighter  in 
color.  The  clay  in  the  creek  bank  breaks  off  in  large,  roughly  rec- 
tangular blocks,  from  which  small  cubical  pieces  weather  off,  leaving 
a  peculiar,  angularly  indented  surface.  The  clay  is  plastic  and  the 
grit  is  very  fine,  being  almost  unperceptible. 

In  appearance  this  clay  differs  widely  from  the  other  clays  of 
Dallas  County,  and  on  analysis  shows  a  like  difference  in  chemical 
composition.  The  degree  of  refractoriness  is  too  low  to  permit  its 
being  used  as  a  potter's  clay,  unless  it  be  as  an  ingredient  in  other 
clays,  and  it  is  difficult  to  see  how  it  could  be  beneficial  as  such. 
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The  resemblance  of  this  clay  to  some  of  the  Tertiary  clays  that  are 
used  in  refining  oils  is  very  marked,  and  its  chemical  composition  is 
not  far  different  from  that  of  those  clays. 

Little  Cypress  Creek  Jcaolin, — This  bed  crops  out  in  the  east  bank 
of  Little  Cypress  Creek,  in  the  SW.  \  NE.  }  sec.  26,  T.  7  S.,  R.  17  W., 
where  the  following  section  is  exposed: 

Secticni  of  Little  Cypress  Creek  kaolin  bank. 

Foet. 
Drab  sandy  clay,  overlain  by  st)il,  etc 7 

Ferruginous  shaly  sandstone ) 

Drab  sandy  clay  as  upper  stratum 5 

White  sand V  kaolin 6 

The  elevation  of  the  base  of  the  section  is  320  feet. 

The  depth  exposed  does  not  represent  the  full  thickness  of  the 
clay,  which  forms  the  bed  of  the  stream  and  extends  to  an  unknown 
depth  below.  It  passes  into  yellow  sandy  clay  100  yards  down- 
stream. How  far  it  extends  upstream  can  not  be  told,  for  a  few 
yards  above  the  exposure  the  outcrop  is  covered  with  dfibris. 

In  J.  E.  Amis's  well,  about  three-fourths  of  a  mile  farther  south- 
east, a  bed  of  white  sandy  clay  and  white  sand,  20  feet  or  more  in 
thickness,  was  struck  at  the  same  elevation.  This  may  represent 
the  kaolin  bed.     (See  section  of  the  well,  p.  81.) 

In  appearance  and  te^xture  this  kaolin  clay  resembles  the  commer- 
cial scouring  bricks,  and  it  was  with  the  thought  of  utilizing  it  for 
this  purpose  that  the  sample  was  collected.  When  rubbed  between 
the  fingei*s  it  has  a  lingering  soapy  feel,  and  it  was  washed  and 
analyzed  to  test  whether  this  indicated  a  constituency  of  kaolin. 

In  refractoriness  this  kaolin  comes  close  below  the  best  washed 
kaolin  from  Brandywine  Summit,  Pa.,  which  is  used  in  the  manu- 
facture of  fine  chinaware.  In  chemical  composition,  however,  this 
Arkansas  kaolin  differs  widely  from  the .  Pennsylvania  variety  in 
having  more  silica  and  less  alumina  and  water.  It  is  impossible  to 
say  what  effect  this  difference  in  composition  will  have  on  the  phys- 
ical behavior  of  the  clay  in  firing,  but,  the  refractoriness  being  so 
nearly  the  same,  the  difference  in  composition  will  probably  have  no 
especially  marked  effect. 

Kilmer  hwUn. — A  bed  of  kaolin  outcrops  on  J.  R.  Kilmer's  land 
in  the  SE.  \  SE.  i  sec.  10,  T.  7  S.,  R.  17  W.  A  white  clay  outcrops 
in  the  bank  of  a  drain  at  the  elevation  of  390  feet.  Between  5  and  6 
feet  of  the  clay  is  exposed.  It  contains  a  great  deal  of  rather  coarse 
sand  and  in  its  natural  condition  is  only  slightly  plastic.  In  the  dry 
state  the  sand  easily  separates  from  the  finely  divided  clay  mass, 
which  gives  a  very  soapy  feel  when  rubbed  between  the  fingers, 
indicating  the  presence  of  kaolin. 
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The  analysis  shows  a  kaolin  of  a  fair  degree  of  refractoriness,  the 
water  content  coming  more  nearly  up  to  the  accepted  formula  for 
kaolinite  than  that  in  the  Little  Cypress  Creek  kaolinr.  This  kaolin 
will  probably  be  available  for  the  same  purposes  as  the  Little  Cypress 
Creek  kaolin. 

OTHER   CLAY   BEDS. 

The  following  notes  on  clay  beds,  which  cover  not  only  outcrops 
observed,  but  localities  where  clay  was  reported  to  occur,  is  inserted 
here  on  account  of  their  possible  value  to  prospectors. 

In  many  cases  the  clay  has  been  described  as  ''sandy.''  Where 
tliis  term  has  been  used  the  sand  is  usually  present  in  quantity  suffi- 
cient to  overcome  the  plasticity  of  the  clay,  or  rather  to  lower  the 
plasticity  below  the  point  at  which  it  is  available  for  ceramic  pur- 
poses. One  remedy  for  this  fault  consists  in  mixing  with  the  sandy 
clay  another  clay  of  higher  plasticity.  Another  remedy  consists  in 
washing  out  the  excess  of  sand,  a  process  that  entails  so  much  addi- 
tional expense  that  it  is  impracticable  except  where  the  washed 
product  is  of  a  superior  quality. 

The  exposures  will  be  taken  up  in  the  order  of  the  townships, 
beginning  at  the  northeast  comer  of  the  county.  The  elevations 
are  given  in  feet  above  mean  tide  level  of  the  Gulf  of  Mexico.  The 
elevation  given  for  a  well  is  that  of  the  mouth;  the  elevation  given 
for  a  natural  section  is  that  of  the  base. 

Township  7  S.,  range  I4  W, — Two  feet  of  white  plastic  clay  out- 
crops in  a  gully  about  600  yards  west  of  Ivy  post-office,  and  is  over- 
lain by  6  or  8  feet  of  gravel.  This  is  at  the  same  elevation  as  the 
Crowder  clay,  which  is  less  than  half  a  mile  distant  (see  p.  76),  and 
is  probably  continuous  with  it.     Elevation,  290  feet. 

White  plastic  clay  is  reported  on  Gum  Creek,  in  the  SW.  J  sec.  29. 

Township  7  8.,  range  15  W. — In  the  SW.  J  NW.  J  sec.  2,  in  a  gully 
just  west  of  the  Tulip-Sandy  Springs  road,  there  is  an  exposure  of  15 
feet  of  clay  resting  on  white  sand.  The  lower  7  or  8  feet  is  white 
plastic  clay  of  apparently  fair  quality.  It  is  possible  that  the  white 
sand  is  a  sandy  kaolin  similar  to  the  Little  Cypress  Creek  kaolin. 
Elevation,  360  fieet.     (See  also  p.  78.) 

Nancy  Joneses  well,  SW.  J  sec.  2.     Elevation,  390  feet. 

Section  iih  well  of  Nancy  Joiics. 

Feel. 

Soil,  gravel,  and  sand 8-10 

White  sandy  clay 25 

Dark  clay 25 
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Lee  Smith's  well,  NW.  J  sec.  4.     Elevation,  450  feet. 

Section  in  well  of  Lee  Smith. 

Feet. 

Soil,  gravel,  and  red  sandy  clay 20 

WTiite  sand 5 

Tough,  dark,  sandy  clay 26 

Outcrop  of  sandy  gray  clay,  half  a  mile  east  of  the  above.     Eleva- 
tion, 380  feet. 
Philip  Phillips's  well,  SW.  J  NW.  J  sec.  5.     Elevation,  500  feet. 

Section  in  well  of  Philip  Phillips. 

Feet. 

Soil,  gravel,  and  sandy  clay 15 

Sand  and  clay  interstratified 20 

White  sandy  clay 15 

Chris.  Lawrence's  well,  northeast  comer  SW.  }  NE.  J  sec.  30.  The 
well  was  bored  and  afterward  filled  up.  Reported  by  S.  D.  Green. 
Elevation,  490  feet. 

Section  in  well  of  Chris,  Lawrence. 

Feet. 

Soil,  gravel,  and  sand 25-30 

Bluish  clay  (and  bottom  not  reached) 125 

This  well  must  pass  through  the  Bird  clay,  but  as  it  is  a  bored  well 
no  distinction  was  made  between,  the  plastic  clay  and  the  sandy 
white  clay,  such  as  is  foimd  commonly  in  the  upper  part  of  this 
ridge. 

Township  6  5.,  range  16  F.— Rice's  gin  well,  SE.  \  SW.  \  sec.  36. 
Elevation,  510  feet. 

Section  in  Rice^s  well. 

Feet. 

Soil,  gravel,  and  yellow  sand / 20 

Bluish  white  clay,  with  interstratified  beds  of  yellow  sand 28 

This  is  the  typical  white  sandy  clay  referred  to  above.  The  sand 
constitutes  64.29  per  cent  of  the  whole  mass. 

G.  A.  Williams's  well,  NE.  J  SW.  J  sec.  36.     Elevation,  510  feet. 

Section  in  well  ofG.  A.  Williams.  • 

Feet. 

Soil,  gravel,  and  sand 15 

Sandy  pij)e  clay 60 

Sand  below. 

T(mmhip  7  S.,  range  16  W.—3.  M.  Holt's  well,  NE.  \  SE.  J  sec.  2. 
Elevation,  460  feet. 

Section  in  well  of  J.  M.  Tlolt. 

Feet. 

Soil  and  gravel 4 

Sandy  white  pipe  ^Ja^ 40 
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J.  S.  Young's  well,  NE.  J  SW.  J  sec.  2.     Elevation,  460  feet. 

Section  in  wdl  of  J.  S.  Youmj. 

Feci. 

Soil  and  gravel 4 

Sandy  white  pipe  clay 40 

Lignite 1 J 

Dark-drab  plastic  clay 38 

The  lower  38  feet  probably  represents  the  Bird  clay. 

Mrs.  E.  A.  Rice's  place,  NW.  J  NE.  J  sec.  15.  White  plastic  clay 
nearly  free  from  sand  outcrops  in  the  bed  of  a  drain.  Elevation,  415 
feet. 

In  the  Tuhp-Arkadelphia  road,  about  IJ  miles  east  of  CNeill's 
mill,  there  is  a  bed  of  dark,  putty-colored  clay  from  20  to  30  feet 
thick.  This  clay  is  very  plastic,  has  little  grit,  and  does  not  stick  to 
the  tongue.     Elevation,  520  feet. 

Potter's  clay  of  excellent  quality  is  said  to  have  been  taken  from 
the  creek  bank  below  the  old  milldam  at  Willow  post-oflBce.  The 
place  is  now  covered  with  water.     Elevation,  340  feet. 

Potter's  clay  is  reported  in  section  14,  near  the  southwest  comer, 
on  a  drain  running  into  West  Tulip  Creek.     Elevation,  300  feet. 

It  is  also  reported  that  a  bed  from  which  Bird  used  to  take  clay 
occurs  in  section  29,  on  a  drain  running  into  Cypress  Creek. 

TcyumsUp  7  S.,  range  17  F.— J.  E.  Amis's  well,  NE.  J  NW.  J  sec.  36. 
Elevation,  360  feet. 

Section  in  well  of  J.  E.  Amis. 

Feet. 

Red  sandy  clay  and  gravel 15 

Dark-drab  plastic  clay 5 

White  sandy  clay  and  white  sand 20 

This  probably  reaches  the  kaolin  that  outcrops  on  Little  Cypress 
Creek.     (See  p.  78.) 

White  plastic  clay  is  reported  in  section  22,  in  the  banks  of  a 
small  drain,  and  in  section  35,  in  the  bank  of  Little  Cypress  Creek. 

Township  8  S,,  range  15  W, — A  white  plastic  clay  outcrops  in  the 
bed  of  Canada  Creek,  just  below  the  ford  of  the  Ivy-Princeton  road. 
Elevation,  250  feet. 

A  similar  clay  outcrops  in  the  road  a  quarter  of  a  mile  south  of 
the  preceding  and  30  feet  higher  in  elevation. 

On  the  Ivy-Princeton  road,  about  three-fourths  of  a  mile  north  of 
Princeton,  there  is  an  outcrop  of  very  sandy  white  clay.  Elevation, 
260  feet. 

In  a  gully  beside  the  road  in  the  NE.  \  NE.  \  sec.  21  there  is  a  bed 
of  bluish-white  joint  clay  from  2  to  3  feet  thick.  This  clay  has  little 
grit  and  does  not  cling  to  the  tongue.     It  passes  into  sand  to  the 

48136— Bull.  351—08 6 


82  THE   CLAYS   OF   ARKANSAS. 

north  and  into  jointed  and  indurated  sand  of  the  same  color  20  feet 
to  the  south.  The  joint  cracks  of  the  clay  haTe  been  filled  with 
sand  carried  by  percolating  waters.     Elevation,  280  feet. 

Jolin  C.  Welch's  well,  in  the  NE.  \  NW.  J  sec.  19,  passes  through 
about  30  feet  of  white  sand.  It  may  be  that  this  is  a  sandy  kaolin 
similar  to  those  described  in  the  preceding  pages.  Elevation,  350 
feet. 

An  outcrop  of  plastic  gray  clay  occurs  in  the  road  about  400  yards 
east  of  Welch's  pottery.  The  thickness  of  this  bed  was  not  appar- 
ent.    Elevation,  440  feet. 

There  is  said  to  be  a  fine  bed  of  excellent  potter's  clay  on  a  small 
stream  north  of  Princeton,  about  1  mile  above  a  point  where  the 
stream  is  crossed  by  the  Malvern  road,  1  mile  north  of  the  town. 

John  C.  Welch's  clay  bank,  in  sec.  17,  T.  8  S.,  R.  15  W.,  is  in  a 
neighborhood  that  abounds  in  excellent  clays.  The  beds  occur  also 
along  both  sides  of  Cypress  Creek  and  of  West  Tulip  and  East  Tulip 
creeks,  near  to  the  headwaters  of  those  streams,  winding  in  and  out 
among  the  hills  and  cropping  out  in  the  bluflFs  and  banks  of  streams. 
The  covering  of  the  beds  varies  greatly;  where  the  overlying  beds 
have  been  eroded  away  the  covering  is  thin,  but  where  they  crop 
out  in  steep-sided  hills  it  is  generally  thick.  Where  these  clays  have 
been  dug  they  have  been  taken  from  beneath  rather  heavy  coverings. 

Mrs.  Lantorn's  well,  sec.  17,  440  yards  west  of  the  northeast 
corner.     Elevation,  310  feet. 

Section  in  well  of  Mrs.  Luniom. 

IVvt. 

Soil  and  gravel 6 

Wliite  pipe  tlay 10 

White  siiml 2 

Wliite  clay 27 

A  load  of  this  clav  was  tried  by  Mr.  Welch,  who  savs  that  it  works 
very  well. 

P.  N.  Lantorn's  well,  SE.  \  NE.  \  sec.  S.     Elevation,  370  feet. 

Section  of  ucll  of  1\  A'.  LarUoni. 

FcH't. 

Soil  and  gravel 2 

Hard  bluish  clay 58 

Lignite 8 

L.  D.  Lantorn's  well,  sec.  5,  middle  of  the  south  side.  Elevation, 
480  feet. 

Section  of  uvll  of  L.  1).  Lantoni. 

Fwt. 
Soil,  gmvel ,  and  sand 10 

White  pipe  clay 28 
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Mrs.  M.  C.  Green's  well,  SE.  }  NW.  }  sec.  5.     Elev^ion,  480  feet. 

Section  in  well  of  M.  C.  Green. 

Feet. 

Soil  and  gravel 8 

White  pipe  clay 8 

Bluish  clay 27 

Black  "rock" J 

Lignite 3 

Sandy  blubh  clay 30 

A.  Whitener's  well,  SE.  \  NW.  \  sec.  3.     Elevation,  480  feet. 

Section  in  well  of  A.  Whitener. 

Feet. 

Soil,  gravel,  and  sand 15 

White  clay 1 

Lignite 1 

White  plastic  clay 14 

This  lowest  clay  outcrops  in  a  gully  50  yards  west  of  the  house. 
Township  8  S.,  ran^e  17  W,—D.  Ratliffe's  well,  SE.  i  SE.  }  sec.  2. 
Elevation,  290  feet. 

Section  in  irell  of  T.  RatUffe. 

Feet. 

Soil  and  red  clay 4 

White  plastic  clay 30 

Dark  plastic  clay,  with  ferruginous  sandstone  particles 10 

There  are  scattering  leaf  impressions  in  both  the  light  and  the 
dark  clays. 

Bernard  Dellamar's  place,  SW.  i  NW.  J  sec.  14.  An  exposure  of 
12  feet  of  dark  bluish  drab  clay.  This  clay  is  plastic  and  has  little 
grit.     Elevation,.  310  feet. 

Outcrop  of  15  feet  of  light-blue  plastic  clay  beside  the  road  in  the 
NW.  J  sec.  15.  This  clay  weathers  very  much  like  the  olive-green 
Tei-tiary  marl.  It  contains  somewhat  more  grit  than  the  clay  that 
is  most  used  for  ware  in  tliis  country.     Elevation,  320  feet. 

J.  R.  Porterfield's  well,  SE.  i  NE.  {  sec.  17.     Elevation,  350  feet. 

Section  of  well  of  J.-  R.  Porterfichi. 

Feet. 

Soil  and  gravel 17 

Sand 1 

Dark,  soft,  plastic  clay,  with  lignite  flakes  and  nodules  of  iron  pyrites.     16 

Potter's  clay  is  reported  near  the  center  of  sec.  34;  also  near  the 
northeast  comer  of  sec.  27  and  in  the  SE.  \  of  sec.  35. 

A  well  in  the  NW.  \  NW.  \  sec.  36  passes  through  75  feet  of  sand 
with  lumps  of  plastic  clay  and  ends  in  white  sandy  clay  sunilar  to 
that  overlying  the  lignite  bed  in  this  region.  Elevation,  280  feet. 
These  lumps  of  clay  are  at  many  places  embedded  in  the  sandy  strata, 
and  have  been  reported  in  several  wells. 
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Township  9  €,,  range  I4  W, — Pottery  clay  is  reported  in  the  SW.  } 
SE.  }  sec.  32,  and  in  SE.  i  SE.  i  sec/so.  '^ 

Township  9  S.,  range  15  W. — From  2  to  4  feet  of  bluish-white 
])lastic  clay  outcrops  in  a  gully  beside  the  road  in  the  SE.  \  SE.  \ 
sec.  34. 

In  the  bank  of  Hays  Creek,  SE.  J  NW.  J  sec.  5,  there  is  an  outcrop 
of  about  15  feet  of  grayish  joint  clay  with  considerable  sand.  Eleva- 
tion, 220  feet. 

Potter's  clay  is  reported  in  the  NW.  }  SW.  J  sec.  18;  also  on  Sand 
Creek,  in  the  NW.  \  sec.  20. 

Potter's  clay  is  reported  on  the  Bowera  place,  near  the  center  of 
sec.  22. 

Clay  which  was  pronounced  good  is  said  to  occur  in  the  SW.  \ 
SW.  }  sec.  6. 

Grayish-green  potter's  clay,  10  to  12  feet  thick,  outcrops  on  the 
Princeton-Dalark  road,  in  sec.  11. 

Toumship  9  S.,  range  16  W.— C.  C.  Williams's  well,  NE.  J  NE.  } 
sec.  18.     Elevation,  290  feet. 

Section  in  C.  C.  Williavis^s  well. 

Feet. 

Soil  and  gravel 8 

White  pipe  day 20 

Township  9  S.,  range  17  W. — Frank  Russell's  well,  SW.  J  sec.  1; 
15  feet  of  plastic  clay  in  bottom.  Elevation,  290  feet.  The  same 
clay  outcrops  in  a  spring  a  few  yards  north  of  the  well. 

Where  the  Fordyce-Princeton  road  ascends  the  hill  at  Dallas 
Stell's  C'Stony  Point"),  just  north  of  Cooks  Creek,  in  the  S.  J  sec. 
18,  T.  10  S.,  R.  13  W.,  halfA\^ay  up  the  hill,  is  a  10-foot  bed  of  clay 
which  may  prove  valuable  for  pottery,  though  the  best  of  the  clay 
may  be  only  that  near  the  surface,  which  is  most  affected  by  weather- 
ing. It  is  possible  that  it  is  thicker  than  10  feet,  for  the  limits  of  the 
bed  are  not  well  defmed. 

A  well  dug  about  1,500  feet  north  of  Dallas  Stell's  house  pene- 
trates lead-colored  sands  with  leaf  impressions,  and  it  is  possible 
that  the  clay  on  the  hillside  south  of  the  house  may  be  the  weathered 
edge  of  this  sandy  stratum. 

Through  the  region  traversed  by  the  Fordyce-Princeton  road 
many  of  the  surface  clays  are  well  adapted  for  pottery,  but  they  all 
contain  some  pebbles  and  would  need  to  be  screened  or  passed  through 
a  machme  to  remove  these. 

Many  exposures  of  stratified  beds  of  pottery  clay  have  been  ob- 
served along  the  road  south  of  Princeton,  but  the  region  is  thinly 
settled  and  it  is  not  possible  to  give  the  land  divisions  on  which  they 
were  found.     They  vary  greatly  in  thickness,  though  it  is  probable 
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that  many  of  the  beds  which  appear  to  be  but  2  or  3  feet  thick  are 
much  thicker,  and  that  only  small  portions  of  them  are  exposed. 

On  the  road  leading  from  Princeton  to  Fordyce,  about  li  miles 
south  of  the  point  where  the  Fordyce  road  leaves  the  Camden  road, 
a  10-  or  12-foot  bed  of  pottery  clay  is  exposed  in  a  ^Uy.  beside  the 
road. 

The  road  from  Tulip  to  Dalark  passes  over  several  beds  of  pottery 
clay.  They  crop  out,  among  other  places,  in  sees.  15  and  16  of  T.  8  S., 
R.  17  W.,  on  the  lands  of  George  Elders,  about  4  milec  east  of  Dalark, 
where  they  are  overlain  by  red  clayey  sands. 

A  light-colored  pottery  clay  outcrops  in  the  gidly  east  of  the  road 
in  the  NE.  J  NE.  J  sec.  20. 

Township  10  S,y  range  H  W. — ^White  plastic  clay  is  reported  in  the 
NW.  }  NE.  }  sec.  5  and  the  NW.  \  NW.  }  sec.  7. 

A.  B.  Smith's  well,  SE.  \  sec.  8.     Elevation,  265  feet. 

Section  in  well  of  A.  B.  Smith. 

Feel. 

Soil,  red  clay  and  gravel 12 

Bluish  joint  clay 40 

Red  sandy  clay 8 

This  clay  evidently  passes  into  sand,  for  a  well  at  the  same  eleva- 
tion 100  feet  away  shows: 

Section  in  well  in  SE.  J  sec.  8,  T.  10  S.,  R.14  W. 

Feet. 

Soil  and  gravel 12 

White  fine-grained  sand 33 

Potter's  clay  occurs  in  the  SE.  }  sec.  8.  Ten  feet  is  exposed  in  the 
road  and  in  the  banks  of  a  stream  that  flows  into  Freeo  Creek.  Ele- 
vation, 250  feet. 

Potter's  clay  outcrops  in  the  Little-Bay  Princeton  road  in  the 
SW.  J  sec.  le!     Elevation,  265  feet. 

Smith  place,  SE.  \  NW.  \  sec.  17.  Two  or  three  feet  of  white 
plastic  clay  is  exposed  in  th^  bank  and  bed  of  Freeo  Creek,  imme- 
diately above  the  ford.     Elevation,  230  feet. 

R.  H.  Earner's  well,  NE.  \  NE.  \  sec.  20.     Elevation,  275  feet. 

Section  in  R.  11.  Bamrr^s  well. 

Feel. 

Red  day  and  sand, 7 

Blue  joint  clay,  sandy  toward  bottom 34 

Between  10  and  15  feet  of  grayish  pottery  clay  outcrops  in  the 
road  in  the  NW.  }  sec.  34.     Elevation,  270  feet. 

Township  10  S.J  range  16  W. — In  a  gully  beside  the  road,  north  of 
a  church  in  the  NW.  }  sec.  2,  is  an  exposure  of  8  to  10  feet  of  bluish- 
white  plastic  clay.     Elevation,  235  feet. 
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J.  T.  Shanklo's  well,  SW.  \  XW.  1  soc.  7.     Elevation,  300  feet. 

Section  in  irtll  of  J.  T.  iShanklc. 

Foot. 

Red  sand  and  clav 20 

Whito  pipe  clay 10 

Dark  lumpy  clay 10 

A  bored  well  at  the  same  elevation  showed  22  feet  of  the  dark  clay 
and  stopped  in  lignite.     The  dark  clay  contains  a  few  leaves. 

J.  W.  Richardson's  place,  SE.  \  SE.  J  sec.  9.  Ten  feet  of  gray 
plastic  clay  outcrops  beside  the  road.     Elevation,  240  feet. 

Potter's  clay  15  feet  thick  outcrops  in  a  gully  in  the  SE.  J  SW.  J 
sec.  16,  and  is  underlain  by  10  to  20  feet  of  whit«  sand.  Elevation, 
260  feet. 

Potter's  clay  is  reported  in  a  well  at  the  gin  in  the  NW.  \  SW.  \ 
sec.  18. 

Potter^' day  outcrops  in  the  road  in  the  NW.  }  sec.  21.  Eleva- 
tion, 260  feet. 

Potter's  clay  is  reported  in  the  NW.  }  sec.  22. 

Tmimship  10  S.,  range  16  F.— W.  M.  Walsh's  well,  NE.  \  NW^.  \ 
sec.  1.     Elevation,  265  feet. 

Section  in  well  of  W.  M.  Walsh. 

Foot. 

Red  clay  and  sand 8 

Black  clay  with  leaf  inipn^ssions 10 

Yellow  sand  and  clay 45 

White  plastic  clay 4 

Well  stopped  in  the  last  stratum  without  passing  through  it. 
On  Peterson's  place,  NE.  }  SW.  \  sec.  12,  a  foot  of  light-colored 
clay  with  some  grit  is  exposed  in  a  drain.     Elevation,  230  feet. 
James  Goodgame's  well,  NW.  J  NE.  }  sec.  13.     Elevation,  240  feet. 

Section  in  well  of  Jamrs  Ooodgamc. 

Feet. 

Soil 4 

Pipe  clay 17 

H.  E.  Hogg  s  well,  SW.  }  SE.  \  sec.  13.     Elevation,  310  feet. 

Section  in  iirll  of  R.  E.  Hogg. 

Feet. 

Soil  and  gravel 10 

Potter's  clav 2-3 

ft 

Sand  below. 

CONCLUSIONS. 

The  geologic  structure  of  the  region  and  the  known  outcrops  of 
potter's  clay  lead  to  the  conclusion  that  such  clays  exist  in  great 
abundance  and  of  excellent  quality  in  Dallas  County.     Their  wide- 
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spread  distribution  on  both  sides  of  East  C}'press  and  Cooks  creeks 
and  of  West  and  East  Tulip  creeks  has  already  been  mentioned.  In 
addition  to  the  places  at  which  good  clays  are  already  known,  there 
is  no  doubt  that  they  will  also  be  found  on  the  west  side  of  Moro 
Creek  and  on  the  higher  lands  skirting  the  west  side  of  Saline  River 
in  Dallas  County. 

ANALYSES   OF   CLAYS. 

Analyses  of  clays  in  Dallas  County  are  given  in  the  following  tabic  : 

Analyses  of  Dallas  Comity  clays. 


Clays  aiiHlyzwl.rt 

Silica. 

Cheatham  clay 

Bird  clay 

72.82 
66.42 

Welch  clay 

71.27 

Green's  clay 

Tail's  clay 

68.03 
62. 343 

Crowderclay 

Clarks  Creek  clay. . . 

Ramsey  clav 

Wormac's  clay 

Little    Cypress 

Creek  kaolin 

Kilmer  kaolin 

66.336 
50.653 
60.700 
64.734 

62. 166 
52.  »i9 

Alum- 
ina. 


Ferric 
oxide. 


13. 72 

1.267 

21.19 

1.950 

16. 86 

2.378 

17.19 

u.  Ocnj 

20.631 

4.082 

18.966 

2.008 

25.450 

6.481 

21.567 

5.000 

16.569 

3.796 

2<).09C 

.341 

32.207 

i 

1.781 

oxide. 


2.54 
1.02 
1.  75 
1.49 
l.ooC* 
1.869 
2.591 
.447 
1.234 

1.302 
1.505 


0.63 
1.13 
.73 
.81 
.173 
.256 
.167 
.469 
.837 

.051 
.086 


[agno- 
sia. 

8o<la. 

Pot- 
ash. 

0.75 

1.08 

0.9<i 

.82 

1.26 

.77 

.4(i 

.44 

1.00 

.54 

1.00 

.668 

.325 

.7:^ 

.225 

.800 

.379 

.604 

.242 

.742 

1.583 

.297 

1.5-26 

1.535 

L395 

1.685 

Prace. 

.252 

.3(>4 

.028 

.341 

.271 

LoR.s 


Snnd 


5.  iU 
7.  76 
6. 54 
6. 31 
9.339 
8.130 
13.100 
8.608 
7.334 

9.067 
11.170 


50.30 
37.28 
30.50 
35.80 
16.  73 
17.23 
3.46 
15.25 
25.14 

67. 94 
38.57 


«  The  exact  locations  of  the  clays  are  state*l  in  the  prweclinj?  pages. 

Of  the  preceding  eleven  analyses  the  fii-st  four  were  made  by  W.  C. 
Riley  and  the  remaining  seven  by  L.  R.  Lenox.  It  will  be  noticed  that 
the  clays  analyzed  by  Doctor  Riley  show  a  much  higher  percentage 
of  sand  than  those  analyzed  by  Professor  I^nox.  The  determination 
of  the  percentage  of  sand  is  at  best  only  approximate  and  is  a  matter 
of  individual  judgment,  and  this  accounts  for  the  different  percent- 
ages ^ound.  In  two  clays,  which  have  to  all  appearances  an  equal 
amount  of  sand,  the  percentage  of  sand  in  the  one  as  determined  by 
Doctor  Riley  is  about  twice  as  great  as  the  percentage  in  the  other  as 
determined  by  Professor  Lenox.  In  comparing  the  sand  contents  of 
the  clays  this  should  be  borne  in  mind. 

Each  of  the  clays  analyzed  contains  a  considerable  amount  of 
titanic  acid  and  smaller  quantities  of  sulphuric  and  phosphoric  acids. 
Neither  of  these  substances  is  taken  into  consideration  in  the  formula 
devised  by  Bischof  for  calculating  the  refractoriness  of  clays,  so  that 
m  determining  the  refractoriness  of  the  clays  analyzed  these  constitu- 
ents have  been  disregarded.  It  is  highly  probable,  however,  that  they 
exert  some  influence  on  the  fusing  point  of  clays. 

Several  of  the  clays  showing  the  largest  percentages  of  titanic  acid 
were  washed  and  theiu  coarser  and  heavier  parts  Were  examined  under 
a  microscope.  Owing  to  the  fragment aiy  condition  of  the  particles 
it  was  not  possible  to  identify^  any  of  them  except  the  quartz. 
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CLAY  INDUSTRY. 

At  present  no  plants  are  reported  as  engaged  in  the  manufacture 
of  clay  products  in  Dallas  County.  The  pottery  industry  of  the 
county  has  been  mainly  confined  to  the  operations  of  the  Bird  brothers 
and  their  apprentices.  The  first  pottery  was  established  by  them, 
and  the  last  active  pottery  in  the  county  was  owned  and  operated  by 
John  C.  Welch,  who  learned  the  potter's  trade  under  William  Bird. 

The  first  pottery  was  set  up  in  1843  by  two  of  the  brothers,  Joseph 
and  Nathaniel  Bird.  In  1844  James  Bird,  another  brother,  erected  a 
pottery  just  over  the  county  line,  in  Grant  County,  in  the  SE.  J  SE.  J 
sec.  23,  T.  6  S.,  R.  16  W.  He  had  burned  but  a  few  kilns  when  he 
sold  out,  and  the  business  was  discontinued.  He  used  clay  from  a 
bed  close  by  the  old  shop. 

WiUiam  Bird  started  his  first  pottery  in  1843,  in  the  SW.  i  NW.  i 
sec.  7,  T.  7  S.,  R.  15  W.  His  clay  came  from  the  Butler  bed.  He 
continued  steadily  at  work  here  until  1851  or  1852,  when  he  moved 
his  shop  to  the  site  now  occupied  by  John  C.  Welch's  pottery,  in  the 
NW.  J  SW.  i  sec.  17,  T.  8  S.,  R.  15  W.  He  operated  this  pottery 
until  1861,  when  he  sold  out  to  Welch.  While  running  here  he  used 
clay  from  the  Butler  bed,  and  later  from  the  Cheatham  beds  also. 
Bird  started  another  pottery  at  the  close  of  the  war  on  what  is  known 
as  the  Bird  place,  in  the  SW.  }  NW.  i  sec.  6,  T.  7  S.,  R.  15  W.  He 
continued  here  until  about  1881,  when  he  left  the  State.  He  after- 
ward returned  and  followed  his  trade  in  Malvern.  While  at  the  Bird 
place  he  used  clay  from  the  Butler  bed;  also  from  the  Bird  bed,  on 
the  Bird  place,  and  from  Gum  Bottoms.  Bird  has  the  reputation 
among  the  older  inhabitants  of  the  county  of  making  very  fine, 
durable  ware. 

John  C.  Welch,  as  before  noted,  learned  the  trade  under  William 
Bird,  and  in  1861  bought  him  out  and  continued  the  b^^iness  at  the 
same  place.  The  capital  invested,  exclusive  of  that  for  location,  was 
about  $150.  The  kiln  had  a  capacity  of  1,500  gallons.  Two  wheels 
were  run  and  the  average  annual  output  was  10,000  or  15,000  gallons. 
The  product  was  in  the  form  of  jugs,  jars,  chums,  and  crocks,  which 
found  a  market  in  neighboring  towns — Pine  Bluff,  Camden,  Warren, 
Monticello,  Eldorado,  MagnoUa,  and  other  places.  Mr.  Welch  at  first 
used  clay  from  the  Cheatham  beds,  but  later  found  and  worked  the 
Welch  bed.     His  ware  was  hard,  close-bodied,  and  thin. 

Nathaniel  Culberson  workefll  awhile  with  Welch,  and  between  1858 
and  1865  ran  a  pottery  near  the  middle  of  sec.  24,  T.  8  S.,  R.  15  W. 
He  used  clay  from  the  Cheatham  beds.-  Fragments  from  the  old  kiln 
show  a  rather  thick,  porous  ware. 

In  1859  or  1860  a  foreigner  named  Etl  established  a  pottery  about 
three-fourths  of  a  mile  north  of  the  preceding  and  operated  it  for 
about  three  years.     Besides  ordinary  crockery  ho  made  flower  pots 
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with  vines  and  iBowers  in  relief  on  the  sides.     Ho  used  clay  from  the 
Cheatham  beds. 

In  1870  Lafayette  Glass,  after  learning  the  trade  under  Welch,  set 
up  a  pottery  in  the  NE.  i  SE.  J  sec.  29,  T.  8  S.,  R.  15  W.  He  operated 
here  for  a  year  and  then  removed  to  Benton  and  became  the  pioneer 
potter  of  that  place.  While  in  Dallas  County  he  used  clay  from  the 
Sullenbarger  bed. 

Between  1874  and  1876  E.  A.  Munn,  a  brother-in-law  of  Welch,  ran 
a  pottery  in  the  NE.  i  SE.  {  sec.  12,  T.  8  S.,  R.  16  W.  He  left  there 
and  established  a  pottery  at  Malvern.  He  used  clay  from  the  Welch 
bed.  Fragments  about  the  old  kiln  show  a  fine,  hard,  and  close- 
bodied  ware. 

DREW  COUNTY. 

GENERAL  GEOLOGY. 

The  surface  soils  of  Drew  County  consist  either  of  disintegrated 
Tertiary  (Eocene)  rocks,  which  underlie  the  whole  county,  or  of  a 
thin  coating  of  gravel  of  later  age  on  the  Tertiary  beds.  The  flood 
plains  of  some  of  the  streams  are  of  recent  alluvial  origin,  while  those 
of  others  are  made  of  older  clays.  Nearly  all  the  lands  east  of  Hurri- 
cane Creek  are  alluvial.  Excellent  brick  clavs  are  abundant  about 
Monticello,  though  some  of  the  surface  clays  contain  a  few  pebbles, 
and  others  contain  iron  nodules.  In  the  western  part  of  the  town  of 
Monticello  about  30  feet  of  purple  and  mottled  Tertiary  clay  are 
exposed  in  gullies  and  in  the  railway  cut.  The  purple  clays  crack  in 
drying  and,  in  their  present  condition,  are  not  available  for  brick- 
making.  These  beds  are  exposed  in  places  for  2  miles  west  of  the 
town  of  Monticello. 

A  well  bored  by  Emil  Boechardt  at  Monticello  in  1889,  •on  the 
southwest  comer  of  sec.  35,  T.  12  S.,  R.  7  W.,  passed  through  the 
following  strata,  as  reported  by  Mr.  Boechardt: 

Section  in  well  of  Emil  Boechardt. 


Ft.     In. 


1.  Loam 4 

2.  Red  clay 5  (J 

3.  Pipe  clay  and  sand 15 

4.  Dark  clay  with  shells 50 

5.  Sandstone 6 

6.  Dark  clay  with  shells 88  6 

J59    4 

A  sample  of  clay  No.  6  of  this  section  was  examined  by  the  Arkan- 
sas Geological  Survey.  It  is  a  dark,  fme  clay  with  a  little  mica  and 
a  few  fragile  fossil  shells  of  Tertiar}^  age.  It  does  not  crack  on  dry- 
ing, and  if  the  beds  are  accessible  and  could  be  found  without  shells 
it  would  make  a  good  potter's  clay  and  would  be  available  for  the 
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niariufactiire  of  good  fire  l)ricks.  It  is  ])robable  that  other  Tertiary 
days  that  underlie  Drew  County  might,  by  washing,  be  made  avail- 
able for  the  manufacture  of  potter\'. 

At  Cornish  Ferr}',  on  Salme  River,  a  section  of  the  Tertiary  beds 
is  exposed,  having  at  the  base  a  dark  lignitic  clay  that  resembles 
some  of  the  potter}^  clays  of  Saline  County. 

CLAY  INDUSTRY. 

In  the  town  of  Monticello  the  Drew  Brick  Company  and  a  plant 
operated  by  J.  II.  Blythe  are  engaged  in  the  manufacture  of  com- 
mon l)uilding  bricks. 

FAULKNER  COUNTY. 

GENERAL  GEOLOGY. 

The  geology  of  Faulkner  County  is  merely  a  repetition  on  a  some- 
what larger  scale  of  that  of  the  western  part  of  White  County.  The 
rocks  have  been  throwTi  into  great  folds  and  then  worn  away,  but 
the  folding  has  been,  on  the  whole,  so  simple  and  the  alternation  of 
the  sandstones  and  shales  has  l)een  so  regular,  that  the  geologic 
stnicture  of  the  county  is  easily  inteq)reted.  When  this  structure 
is  understood  the  distribution  of  the  clays  and  clav  shales  in  the 
coimty  will  l)e  readily  com])rehended. 

The  rocks  of  this  region  belong  to  what  are  commonly  knowTi  as 
the  *^ Barren  Coal  Measures.''  Thev  are  sandstones  and  shales, 
across  which  nm  occasional  veins  of  (piartz,  and  on  the  upturned 
edges  of  which  there  are  patches  of  bog  iron  deposited  by  chalybeate 
springs.  Locally  the  sandstones  and  shales  are  somewhat  calcareous, 
but  these  calcareous  ])laces  are  oidy  thin  bands  or  small  patches 
and  ar^  of  little  or  no  im])ortance  except  that  some  of  them  contain 
fossils. 

The  rocks  of  the  county  are  all  sedimentary',  having  been  depos- 
ited originally  in  horizontal  layers  in  water.  After  their  deposition 
these  sediments  were  consolidated  by  the  ])ressure  of  thick  beds  that 
were  deposited  on  to])  of  them.  In  the  course  of  time  they  were  sub- 
jected to  horizontal  ])ressure  from  the  south  and  throwTi  into  a  series 
of  ])arallcl  folds,  and,  rising  above  the  water,  they  formed  dry  land. 
After  this  elevation  they  were  acted  u])on  by  weathering  and  ero<ling 
agencies,  the  former  breaking  up  the  rocks  (for  these  sediments, 
originally  sand  and  mud,  were  already  hardened  by  long  pressure  to 
sandstone  and  shale)  and  the  latter  washing  the  fine  material  away. 
But  as  rocks  are  not  all  e(|ually  sohd)le  or  equally  acted  upon  by 
decom])osing  and  weathering  agencies,  and  as  they  are  not  all  trans- 
ported with  the  same  facility  after  disintegraticm,  some  of  these  rocks 
in  Faidkner  County  have  I  cen  removed  much  more  rapidly  than 
others.     Thus  rocks  which  long  resist  decay  and  removal — that  is, 
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the  sandstones^stand  out  now  as  hills  and  ridges,  while  erotlinji 
agencies  have  scored  valleys  in  the  softer  and  more  oa-sily  affected 
rocks — that  is,  the  shales.  As  the  rocks  of  tliis  reji:ion  are  alternate 
sandstones  and  shales,  the  topo^rapliic  result  of- this  condition  and 
action  is  a  series  of  parallel  valleys  and  ridges,  runninp;,  as  a  nile, 
east  and  west  across  the  county. 

As  a  rule  the  axes  of  these  rock  folds  are  not  horizontal  hut  are  a 
little  lower  at  one  end  than  at  the  other.     From  this  dipping  of  the 


folds  it  results  that  the  ridges,  instea<l  of  being  everj-where  straight, 

curve  around  and  cross  the  lower  ends  of  the  axes  of  the  folds.     This 

will  be  understood  by  reference  to  the  accompanying  diagram  (fig.  7). 

It  will   be  understood   from   this  also  that   the  valley  aeb  is  one 


and  the  same  geologically,  although  it  may  be  divided  at  e  by  a 
watershed,  or  the  ridge  may  be  broken  at  o  and  c.  It  shoulil  also 
be  noted  that  the  shales  that  (lip  westwanl  at  a  dip  northward  at  e, 


and  the  same  be<l  would  <lip  .soulhwani  nn  the  Miuih  hide  of  ili<-  exU 
of  the  fold. 

Fig.  8  is  an  east-west  section  along  the  i^mmit  of  Mclo  Mountain 
(a  group  of  parallel  ridges  alwut  .7  miles  wid*-  lyinj;  just  north  of 
Faulkner  Gap)  and  across  the  .suininii  of  KoumI  Mountain  to 
Arkansas  River. 

A  north-south  section  acrr>ss  the  Meto  Hills  to  a  i*oint  al>out  3 
miles  north  of  the  town  of  Ilollan*!  is  given  in  Fig.  9. 
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These  details  are  sufficient  to  give  a  pretty  clear  idea  of  the  geology 
of  Faulkner  County  with  reference  to  the  occurrence  of  the  clays  and 
clay  shales.  The  shales  form  the  valleys  of  the  region;  the  sand- 
stones form  the  ridges.  The  shales  are  seldom  seen  at  the  surface, 
being  covered  usually  by  residuary  material  of  one  or  another  kind. 
At  many  places,  especially  in  the  lower  valleys  or  "  slashes,"  the  sur- 
face soil  is  a  "buckshot  clay."" 

About  the  bases  of  the  sandstone  ridges  the  debris  from  the  hill- 
sides— blocks  of  sandstone  and  sandy  red  clays — cover  the  outcrops. 
The  shales  are  almost  invariably  found  in  digging  wells,  so  that  the 
people  have  an  idea  that  the  shale  or  "slate,"  as  they  generally  call 
it,  lies  close  to  the  surface  all  over  the  county.  This  appears  to  be 
the  case,  because  the  wells  are  usually  dug  in  the  valleys  and  the 
valleys  are  carved  in  the  shales.  This  will  be  understood  from  the 
accompanying  figure,  which  shows  the  geology  of  the  region  about 
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Fia.  10  — Sertioa  showing  the  reUtlODs  of  the  shales  ol  the  valley  lo  the  Icwm  and  soil  about  Conway. 


Conway  with  relation  to  the  sliales,  the  decayed  shales,  and  the  soil 
of  the  valley  to  the  sandstone  on  Cadron  Ridge,  a  short  distance 
north  of  the  town. 

CLAY  DEPOSITS. 

The  clays  and  clay  shales  of  Faulkner  County  are  of  four  kinds — 
(1)  clay  shales;  (2)  limonitic  buckshot  clays;  (3)  leached  clays 
along  the  bayous  and  in  the  slashes;  (4)  alluvial  and  sandy  choco- 
late clays  skirting  the  bottoms-of  Arkansas  River  and  in  some  places 
extending  far  up  its  affluents  from  thu?  county,  such  as  the  Cadron. 

CLAY    SHALES. 

With  the  preceding  explanation  of  the  geologic  structure  the  distri- 
bution of  the  clay  shales  may  be  readily  understood.  They  lie  in  the 
valle3-s  everywhere  in  the  county.  Of  course  there  are  lowlands,  like 
the  alluvial  plains  of  Arkansas  River,  made  up  to  a  considerable 
depth  of  river  silt,  clay  No.  4  of  the  above  list,  sand,  and  gravel,  to 
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which  this  statement  is  not  intended  to  apply.  Tire  alluvial  materials 
that  have  filled  the  valleys  of  some  of  the  other  streams  have  also 
buried  the  shales  to  a  considerable  depth.  These  are  not  the  places, 
however,  in  which  one  would  expect  to  find  the  clay  shales  accessible 
for  practical  purposes.  Indeed,  while  the  valleys  have  shales  of  great 
thickness,  the  rocks  are  usually  at  too  low  an  elevation  to  permit 
advantageous  exploitation,  on  account  of  the  expense  of  lifting  the 
material  from  shafts  or  other  openings  and  of  draining  these  openings. 
Crude  material  to  be  cheap  must  be  easily  accessible  and  must  therefore 
be  sought  on  high  ground,  where  the  locality  facilitates  exploitation 
and  avoids  the  necessity  of  draining  the  pits.  There  are  several  shale 
hills  and  ridges  in  the  county  where  these  conditions  are  favorable, 
and  if  one  observes  the  geologic  section  north  and  south  across  the 
county  it  will  be  seen  that  these  places  are  most  likely  to  occur  on 
the  axes  of  the  synclinal  folds.  One  of  these  hills  is  known  as  Round 
Mountain,  and  is  located  in  sees.  11  and  14,  T.  5  N.,  R.  12  W.,  about  on 
the  axis  of  the  Conway  syncline.  This  little  mountain  stands  about 
250  feet  above  the  general  level  of  Cypress  Valley  and  is  in  every 
respect  similar  to  one  having  the  same  name  in  Wliite  County,  which 
is  located,  like  this  one,  on  the  axis  of  the  Conway  syncline.  The 
rocks  here  are  nearly  horizontal,  dipping  gently  to  the  south  beneath 
the  mountain,  which  is  capped  by  a  bed  of  sandstone  that  has  pre- 
served what  remains  of  it  from  complete  destruction.  The  total  area 
covered  by  this  mountain  is  about  one-half  a  square  mile. 

Samples  of  the  shale  from  this  mountain  have  not  been  analyzed, 
but  samples  from  the  same  beds  in  Round  Mountain  of  White  County 
have  been  analyzed  and  it  is  probable  that  they  have  the  same  or 
approximately  the  same  composition.  These  analyses  are  given 
on  page  224. 

No  coal  has  been  found  in  the  Faulkner  County  mountain,  but  the 
existence  of  a  2-foot  bed  of  coal  in  the  White  County  mountain  war- 
rants the  supposition  that  there  may  be  a  similar  bed  in  this  one  also. 

Just  west  of  Roiind  Mountain  is  another  though  somewhat  smaller 
hill,  which  has  no  local  name.  This  liill  has  the  same  geologic  struc- 
ture as  Round  Mountain  and  is  composed  of  the  same  kinds  of  rocks, 
which  lie  in  the  same  position.  It  stands  in  sections  15  and  16  of  the 
same  township  and  covers  an  area  of  about  160  acres. 

The  other  syncUnes  in  which  the  argillaceous  shales  abound  are  the 
Holland  syncline,  the  Greenbriar  syncline,  and  the  Cato  s^Ticline. 
The  shales  of  the  Holland  syncline  are  exposed  in  the  Conway- 
Greenbriar  road  in  sec.  13,  T.  6  N.,  R.  14  W.,  where  the  road  crosses 
East  Cadron  Creek.  The  body  of  the  ridge  just  north  of  the  creek  at 
tliis  place  is  of  clay  shale,  and  the  whole  is  capped  by  sandstone. 
The  ridge  extends  a  mile  to  the  west  of  the'East  (Madron  bridge,  but  to 
the  east  it  bends  gently  toward  the  south  to  sec.  15,  T.  6  N.,  R.  12  W.,  J 
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where  it  curves  abruptly  northward,  passes  to  the  east  and  north  of 
tlie  village  of  Holland,  and,  bending  upon  itself,  passes  westward  by 
Linden  post-office. 

This  syncline  is  topograpliically  highest  at  its  western  end,  w^here 
the  lulls  stand  about  150  feet  above  the  valley,  and  it  sinks  gradually 
to  the  east.  The  shales  forming  the  body  of  this  elevated  syncline  are 
well  above  water  level,  and  as  they  are  nearly  flat  there  w^ould  be  no 
difficulty  ill  mining  them.  Their  distance  from  the  railway,  however, 
will  doubtless  prevent  their  being  utilized  for  the  present. 

Horseshoe  Mountain,  near  Greenbriar,  stands  on  the  axis  of  the 
Greenbriar  sjTicline.  Tliis  mountain,  like  the  other  synclinal  ridges,  is 
composed  mainly  of  argillaceous  shale  and,  like  them,  is  capped  with  a 
protecting  bed  of  sandstone.  It  rises  abruptly  from  the  Greenbriar 
Valley,  above  which  its  summit  stands  about  300  feet,  but  sinks  to  a 
level  about  100  feet  above  the  Cadron.  These  shales,  while  available 
in  so  far  as  their  composition,  abundance,  and  geologic  and  topo- 
grapliic  disposition  are  concerned,  are  too  far  from  railway  trans- 
portatio!!  to  be  of  immediate  use  for  manufacturing  purposes. 

Frenchman  Mountain  marks  the  axis  of  the  Cato  syncline.  It  is 
about  250  feet  high  at  its  east  end,  about  a  quarter  of  a  mile  west  of 
the  town  of  Cato,  but  becomes  lower  toward  the  west.  The  axis  of 
this  sATicline  dips  toward  the  west,  so  that  the  mountains  open  west- 
ward, and  the  axis  crosses  the  St.  Louis,  Iron  Mountain  and  Southern 
Railway  near  Mayflower  station. 

The  heavy  beds  of  argillaceous  shale  foiTning  the  base  of  Frenchman 
Mountain  are  protected  by  the  usual  sandstone  bed.  This  locality  is 
several  miles  from  the  railroad. 

The  so-called  Round  Mountain  group  of  ridges,  lying  between 
Preston  station  a!id  Arkansas  River,  is  made  up  of  alternate  beds  of 
sandstones  and  shales  that  set  (me  i  i  the  other  like  a  nest  of  saucei's. 
Many  of  these  basic  shales  are  adapted  to  the  manufacture  of  pipes 
and  j)aving  bricks,  but  tliey  have  never  been  utilized.  The  less  basic 
beds  are  available  for  the  manufacture  of  refmctory  goods.  They  all 
occur  in  the  greatest  abundance,  well  located  topographically,  of 
good  ([uality,  and  convenient  to  the  wSt.  Louis,  Iron  Mountain  and 
Southern  Railwav. 

Clays  derived  directly  from  shales  by  decomposition  are  common 
over  mucli  of  Faulkner  County,  but  as  a  rule  they  are  so  concealed 
and  so  irregular  ii  distribution  that  but  little  can  be  said  of  them. 
They  are  to  be  sought  on  the  upturned  edges  of  the  clay  shales  where 
these  rocks  have  broken  down  under  disintegrating  influences,  and  as 
the  sandstones  usually  form  the  hills  and  ridges  and  the  shales  the 
valleys,  these  clays  are  to  be  looked  for  chiefly  in  the  valleys,  between 
the  sandstone  ridges.  Such  clays  are  often  spoken  of  by  the  people  as 
''  rotten  slate.''     They  are  abundant  at  the  bases  of  some  liills  of  shale 
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where  the  shale  talus  has  been  broken  up  by  long  exposure  to  perco- 
lating waters. 

Some  of  these  clays  are  available  for  making  rough  potter^',  such  as 
jugs,  crocks,  and  chums,  or  for  making  vitrified  bricks  or  sewer  pipes. 
The  deposits  are  generally  too  small,  however,  to  be  of  much  impor- 
tance. 

LIMONITIC    BUCKSHOT   CLAYS. 

The  ordinarj'  buckshot  clay — that  is,  tlie  clay  containing  small 
nodules  or  concretions  of  iron — occurs  over  half  of  Faulkner  County. 
It  is  most  abundant  in  the  valleys  and  over  the  flat  portions  of  the 
uplands  of  the  county,  and  is  feast  abundant  on  the  crests  of  sliarp 
ridges  and  in  the  alluvial  bottoms  of  tlie  Arkansas.  Where  it  is  near 
the  sluggish  bayous,  and  is  overflowed  for  many  days  and  even  weeks 
eacli,  year,  waters  charged  with  organic  matter  have  leached  the  iron 
from  its  upper  portion,  leaving  it  in  places  a  clean,  white  potter's 
clay.  This  same  process,  oj^erating  on  a  minor  scale,  his  produced 
the  yellowish  or  ash-colored  loam  that  forms  the  surface  soil  over  a 

ft' 

large  portion  of  the  county.  From  tliis  loam  most  of  the  bricks  of 
Faulkner  County  are  made. 

Beneath  this  more  earthy  surface  there  is  generally  an  irregular  b(»d 
or  band  of  nodules  of  limonite  iron  that  renders  the  clay  difficult  to 
manipulate,  especially  when  the  bricks  are  handmade,  and  produces 
the  dark  chocolate  and  spotted  color  so  common  in  bricks  from  such 
soils. 

The  limonitic  buckshot  day  is  so  widely  distributed  in  Faulkner 
County  that  it  may  be  said  to  form  the  agricultural  soil  of  three- 
fourtlis  of  the  county.  It  is  doubtless  thickest  in  the  valleys,  in 
nearly  all  of  which  it  coyei*s  large  areas.  It  is  in  the  ^^shushes,''  how- 
ever, or  wherever  the  ground  is  flat  enough  to  prevent  ({uick  drainage, 
that  it  (xxjurs  in  its  most  characteristic  forms. 

Throughout  the  Cypress  Valley,  from  the  Arkansas  bottoms  to  the 
eastern  border  of  the  county,  the  buckshot  limonitic  clavs  are  con- 
cealed  only  by  the  thin  surface  soil,  which  is  in  reality  Imt  a  part  of 
the  blanket  of  clay  soil  that  covers  the  whole  region.  The  same  is 
tnie  of  all  the  other  valleys  of  the  county,  but  especially  of  those  in 
which  there  is  slash  land,  or  over  which  the  drainage  is  sluggish. 
About  Conway,  Greenbriar,  Holland,  Enolia,  and  Amsteadville  these 
clays  are  abundant,  and  are  everywhere  available  for  making  such 
bricks  as  are  usually  made  of  the  limonitic  clays. 

LEACHED    CLAYS. 

The  leached  clays  are  but  one  phase  of  the  l)uckshot  clays,  being 
the  upper  soils  from  which  the  iron  has  been  removed  by  acidulated 
waters.     As  a  rule  the  longer  the  water  stands  on  the  ground  the 
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more  thoroughly  is  the  iron  leached  from  the  soil,  and  it  is  by  this 
process  that  the  leached  lead-colored  clays  are  formed.  Such  clays  are 
therefore  most  common  along  the  sluggish  streams  that  readily  over- 
flow their  banks  and  spread  out  over  wide,  marshy  bottoms,  such  as 
Palarm  Bayou,  East  Cadron  Creek,  and  Bayou  Meto.  And  it  is  over 
the  flood  plains  of  these  streams  that  the  leached  clays  are  most 
abundant;  not,  however,  in  the  valleys  only,  but  wherever  the  con- 
ditions for  their  formation  are  favorable. 

The  leached  clays  are  available  for  the  manufacture  of  the  common 
grades  of  pottery,  such  as  jugs,  crocks,  jars,  and  milk  pans,  but  as 
their  exploitation  is  not  so  easy  as  that  of  the  Tertiary  potter's  clay 
of  the  southwestern  counties  of  the  State,  they  can  scarcely  compete 
with  those  clays,  and  can  therefore  be  of  slight  and  local  importance. 

CHOCOLATE    CLAYS. 

The  chocolate-colored  clays  in  some  places  form  wnat  are  known 
as  the  ''rich  buckshot  lands"*  adjoining  the  river  bottoms.  They 
are  usually  too  sandy  to  be  useful  for  manufacturing  purposes.  In 
places  they  are  very  "  fat.''  They  are  not  everywhere  of  chocolate 
color,  for  wherever  they  contain  much  organic  matter  they  have 
become  black  from  the  mixture  of  the  organic  matter  with  the  lime 
with  which  this  clay  is  at  most  places  freely  charged.  Some  of  the 
richest  agricultural  lands  of  the  State  are  bn  these  chocolate  clays. 
They  are  not  known  to  have  any  value  for  manufacturing  purposes. 

CLAY  INDUSTRY. 

The  Cypress  Valley  region  about  Conway  *  is  covered  by  a  yellowish 
clay,  mottled  here  and  there  with  light-gray  patches.  These  gray 
patches  are  generally  of  small  area  and  not  very  thick.  In  texture 
the  gray  clay  resembles  the  yellow,  although  it  has  somewhat  different 
qualities  when  manufactured.  The  upper  portion  of  the  yellow  clay, 
from  which  the  bricks  are  usually  made,  is  of  a  light-yellow  color,  is 
generally  about  2  feet  in  thickness,  and  is  comparatively  free  from  iron 
nodules.  The  lower  division,  from  24  to  30  inches  thick,  is  of  much 
darker  color,  and  contains  a  great  quantity  of  iron  nodules  ranging 
in  size  from  that  of  a  pin  head  to  that  of  a  walnut.  This  lower  clay 
is  not  much  used  for  brickmaking.  The  bricks  made  from  it  are 
stronger,  harder,  and  more  durable  than  those  made  from  the  upper 
clay,  but  they  do  not  look  so  well. 

The  clays  just  mentioned  are  underlain  everyA\here  throughout 
this  district  by  a  black  argillaceous  shale,  which  is  more  or  less 
fractured  near  the  surface,  becoming  harder  and  more  compact  as 

«  Not  to  be  confused  with  the  llmonitic  buckshot  clays 

b  The  notes  on  the  brick  industry  at  Conway  were  prepared  principally  by  William  Kennedy. 
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they  are  penetrated.     The  upper  layers  of  this  shale  at  some  places 
break  into  kidney-shaped  pieces,  which  shell  off  concentrically. 

A  well  at  John  McCuIlough's  old  brickyard,  in  the  NE.  }  NE.  J 
sec.  1,  T.  5  N.,  R.  14  W.,  gives  the  following  section: 

Section  at  John  McCulloxigh' s  old  brickyard. 

Feet. 

Light-yellow  clay  used  for  bricks 2 

Dark-yellowish  clay,  brown  below,  and  containing  iron  nodules 2 

Broken  black  shale 3 

Hard  black  shale  at  bottom  of  well. 

On  the  northeast  corner  of  block  42  of  the  town  of  Conway,  about  1 
mile  southwest  of  McCullough's  old  yard,  in  a  well  about  200  yards 
east  of  Mr.  Firestone's  brickyard,  the  shales  appear  at  a  depth  of  a 
little  over  3  feet.  In  Firestone's  pits  the  clay  used  does  not  exceed 
2  feet  in  thickness.  This  clay  is  darker  than  that  formerly  used  by 
McCullough  and  contains  more  iron  nodules. 

The  bricks  are  gray  in  color,  and  where  the  two  clay  beds  have  been 
mixed  the  bricks  are  spotted.  In  the  arch  they  have  a  tendency  to 
melt  at  the  ends. 

Sees.  18  and  19  and  7  and  8,  T.  4  N.,  R.  14  W.;  sees.  10,  11,  12,  13, 
14,  15,  22,  23,  24,  25,  and  26,  T.  5  N.,  R.  14  W.;  and  sees.  6,  7,  18, 
19,  30,  and  36,  T.  5  N.,  R.  13  W.,  are  covered  by  yellow  clay  similar 
to  that  around  Conway. 

Mr.  Firestone  made  common  bricks  by  hand  until  1902,  when  he 
installed  a  machine  run  bv  steani.  He  now  makes  a  stiff-mud  end- 
cut  brick.  The  clay  is  tempered  and  molded  in  a  No.  7  special  plunger 
machine,  dried  in  the  open  air,  and  burned  in  clamp  kilns.  It  requires 
about  seven  days  for  burning.  Two  kilns  are  in  use,  each  of  which 
has  a  capacity  of  200,000  bricks.  Wood  is  used  for  fuel.  Daily  out- 
put, 16,000  bricks.     Size  of  bricks,  8J  by  4i  by  2\  inches. 

FRANKLIN   COUNTY. 

GENERAL  GEOLOGY. 

In  the  extreme  northern  part  of  Franklin  County,  along  Mulberry 
River  and  the  tributaries  entering  that  stream  from  the  north,  rocks 
are  exposed  that  underlie  the  whole  series  of  the  coal-bearing  rocks. 
These  are  the  lowest  and  oldest  rocks  of  Franklin  County,  and  consist 
in  part  of  beds  of  limestone.  So  far  as  is  now  known  no  clays  or  clay 
shales  are  associated  with  these  old  limestones.  South  of  these 
exposures  along  Mulberry  River  the  rocks  of  all  the  rest  of  the  county 
are  newer  and  are  higher  up  in  the  geologic  column  and  belong  to  the 
coal-bearing  rocks  or  the  series  known  as  the  ''Coal  Measures" — a 
series  rich  in  clay  shales  and  fire  clays. 

The  rocks  at  and  near  the  surface  over  most  of  the  county  are 
geologically  somewhat  higher  than  the  coal  beds  found  at  the  Ouita, 
48136— BuH.  351—08 7 
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Spadra,  and  Coal  Hill  mines.  The  Spadra  shale,  with  the  accompany- 
ing coal,  extends  westward  from  Allister  about  7  miles  into  Franklin 
County.  The  Spadra  shale  covers  all  the  area  within  T.  9  N., 
R.  26  W.,  lying  south  of  the  section  line  between  sees.  13  and  24,  and 
extends  still  farther  south,  to  Arkansas  River.  They  likewise  include 
sees.  25  and  36,  T.  9  N.,  R.  27  W.  Over  a  large  part  of  this  area  clay 
shales  are  associated  with  the  coal,  and  much  of  this  deposit  promises 
to  be  available  for  the  mamilacture  of  fire-clay  products  and  also  for 
sewer  pipe  and  paving  brick. 

Both  north  and  south  of  the  area  here  mentioned,  as  well  as  west 
of  it,  the  rocks  are  higher  in  the  geologic  column.  They  consist,  how^- 
ever,  of  shales  and  sandstones  that  closely  resemble  those  lower  down, 
in  the  coal-producing  rocks. 

The  following  characteristic  section,  exposed  on  the  east  bluff  of 
Arkansas  River  by  the  railroad  about  a  mile  southeast  of  the  town 
of  Ozark,  shows  the  kinds  and  thickness  of  most  of  the  rocks  of  Frank- 
lin County : 

Section  near  Ozark. 

Feet. 

Sandstone 50 

Shale 90 

Sandstone 15 

Shale 70 

Sandstone 10 

Shale 75 

Sandstone 50 

In  the  southern  part  of  Franklin  County  there  is  a  series  of  rocks 
that  stands  higher  in  the  geologic  column  than  those  included  in  this 
Ozark  section.  These  higher  rocks  belong  to  the  group  which  has  been 
called  in  Arkansas  the  'Toteau.^'  They  cover  all  of  Franklin  Coxmty 
south  of  Short  Mountain  Creek  and  south  of  the  Vesta  coal  bank  in  T. 
8  N.,  R.  29  W.  These  higher  rocks  are  likewise  exposed  over  a  com- 
paratively small  area  northeast  of  Ozark.  They  form  what  is  called 
the  Philpott  coal  basin,  which  extends  from  Moomaw's  coal  bank  east- 
ward (and  a  little  northward)  for  about  16  miles.  These  uppermost 
formations  include  many  beds  of  shale  and  also  the  coal  beds  of  the 
upper  productive  part  of  the  coal-bearing  rocks  and  the  fire  clays  asso- 
ciated with  the  coal  beds. 

CLAY  DEPOSITS. 
CLAY    SHALES. 

Unfortunately  only  one  analysis  has  been  made  of  a  sample  of  clay 
from  Franklin  County,  but  it  seems  safe  to  infer  that  the  analyses  of 
the  shales  of  White,  Pulaski,  Johnson,  and  Sebastian  counties  give  a 
good  idea  of  the  character  of  the  clays  and  clay  shales  of  Franklin 
County. 
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It  seems  probable  that  the  fire  clays  and  the  clay  shales  of  Franklin 
County  that  show  rather  high  refractoriness  are  capable  of  being  exten- 
sively utilized.  The  following  three  exposures  along  the  railroad  near 
Ozark  were  noted  by  Mr.  Kennedy : 

In  the  SE.  }  SW.  J  sec.  12,  T.  10  N.,  R.  26  W.,  a  bed  of  fire  clay  4 
feet  thick  underlies  2  inches  of  broken  coal  and  overlies  the  black  shales 
exposed  in  the  water  courses  of  this  district.  About  2  miles  east  of 
Ozark,  in  the  NW.  J  sec.  8,  T.  9  N.,  R.  26  W.,  in  a  cut  on  the  track  of 
the  St.  Louis,  Iron  Mountain  and  Southern  Railway,  there  is  an  out- 
crop of  fire  clay  20  inches  thick  lying  immediately  beneath  3  inches 
of  coal.     The  section  exposed  is  as  follows: 

Section  in  railroad  cut  2  miles  east  of  Ozark. 

Ft.  In. 

Flaggy  sandstones 4 

Coal ', 3 

Fireclay 1    8 

Arenaceous  shales  and  thin  sandstone  at  the  base. 

Analysis  of  clay  from  railroad  ait  2  miles  east  of  Ozark. 

[Brackett  &  Smith,  analysts.] 

Silica  (SiOj) 62.92 

Alumina  (AljO,) 23. 60 

Ferric  oxide  (FeaOj) 3.17 

Lime(CaO) 23 

Magnesia  (MgO) 57 

S?^^^V«>^ <^^«— ) ^-^ 

Loss  on  ignition  (HjO) 6. 74 

100. 00 
Water  at  110«»-115*»  C 2.65 

On  the  same  railroad  at  the  end  of  an  embankment  in  the  NE.  } 
NE.  J  sec.  7,  T.  9  N.,  R.  26  W.,  a  small  stream  cuts  through  a  bed  of 
blue  and  yellow  shales  8  feet  thick.  These  shales  are  readily  disinte- 
grated by  atmospheric  action  and  are  almost  free  from  sand.  They 
are  overlain  by  a  bed  of  sandstone  about  1  foot  thick. 

In  the  SE.  J  SE.  i  sec.  6,  T.  9  N.,  R.  26  W.,  the  following  section 
is  exposed  on  a  small  stream: 

Section  on  stream  in  sec.  6,  T.  9  N.,  R.  26  W. 

Ft.  in. 

Thin-bedded  gray  sandstones 4  3 

light-grayish  blue  clay 2 

Coal :...: 6 

Dark-blue  clay 2 

Soft  black  argillaceous  shales 5 

The  black  shales  of  this  section  are  verj^  friable  and  easily  ground 
into  a  paste. 

About  3  miles  east  of  Ozark,  in  the  NE.  \  SE.  J  sec.  8,  T.  9  N.,  R. 
26  W.,  the  railroad  cutting  has  been  carried  through  a  bed  of  white 
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siliceous  clay  from  4  to  6  feet  deep  ami  about  140  yards  long.  When 
dry,  this  clay  is  white,  but  becomes  bluish  when  wet.  At  both  ends 
of  the  bank  the  clay  loses  its  whitish  color  and  becomes  various  shades 
of  red. 

RESIDUAL   CIjVYS. 

It  has  already  been  pointed  out  in  the  chapter  on  the  general  geol- 
ogy of  the  State  that  the  rocks  of  the  coal  regions  of  Arkansas  which 
underlie  the  surface  in  Franklin  County  consist  chiefly  of  alternate 
beds  of  sandstone,  shale,  fire  clay,  and  coal.  When  argillaceous  shales 
are  exposed  for  a  long  time  to  weathering,  they  disintegrate  so  com- 
pletely that  they  form  plastic  clays  available  for  the  manufacture  of 
pottery,  sewer  pipes,  paving  bricks,  etc.  All  the  plastic  clays  found 
among  the  hills  of  Franklin  and  adjoining  counties,  especially  those 
foimd  in  the  upland  valleys,  have  been  formed  in  this  way.  These 
rocks  were  originally  deposited  as  horizontal  beds  of  sediments;  but 
in  Franklin  County  they  have  been  pressed  into  gentle  folds  and  worn 
away  by  erosion  until  they  must  be  regarded  as  only  the  badly  muti- 
lated remains  of  the  original  deposits.  But  in  spite  of  this  folding  and 
erosion  and  in  spite  of  the  talus  of  loose  fragments  and  earth  that  cover 
the  outcrops  the  beds  may  be  readily  traced  by  means  of  the  geologic 
structure. 

Only  a  few  localities  at  which  potter^s  clays  have  been  found  and 
worked  will  be  mentioned  here,  but  these  clays  can  be  found  in  abun- 
dance in  Franklin  County  if  a  demand  for  them  should  arise. 

On  the  Ozark-Kingston  road,  running  east  and  west  along  the  south 
side  of  sec.  20,  T.  10  N.,  R.  26  W.,  blue  and  red  shales  of  Carboniferous 
age  appear  in  a  ditch  entering  from  the  creek  near  the  schoolhouse  to 
the  lane  that  turns  north  along  the  middle  of  the  same  section.  These 
shales  appear  to  be  about  6  feet  thick.  About  30  paces  farther  north 
along  this  lane,  in  a  small  artificial  opening,  they  are  seen  to  have  dis- 
integrated into  a  light-blue  clay,  3  feet  of  which  is  exposed  at  this 
place. 

A  clay  or  disintegrating  shale,  which  appears  to  be  the  continuation 
of  the  shales  last  mentioned,  occurs  in  the  N.  ^  NE.  J  NE.  \  sec.  29, 
T.  10  N.,  R.  26  W.,  as  well  as  in  the  NW.  }  NE.  i  sec.  29  and  the 
NW.  i  NE.  }  sec.  28. 

TRANSPORTED   CLAYS. 

At  Webb  City,  in  the  NE.  }  NE.  }  sec.  11,  T.  9  N.,  R.  27  W.,  a 
bed  of  j)ottery  clay  is  exposed  in  a  ditch  along  the  Ozark-Caulksville 
road.  This  day  is  almost  white,  is  mottled  with  small  streaks  of  red, 
and  where  exposed  has  a  thickness  of  2  feet.  Being  of  Pleistocene  age 
anil  forming  a  horizontal  bed,  it  probably  has  a  considerable  areal 
extent.     The  bed  is  covered  with  the  usual  waten\^om  cherty  gravel 
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and  overlies  gravelly  red  clay,  which  rests  unconformably  on  black 
Carboniferous  shales.     The  section  at  this  exposure  is  as  follows: 

Section  at  Webb  City. 

Feet. 

Watertown  gravel 2 

Pottery  clay  streaked  with  red 2 

Gravelly  red  clay 2 

Black  shales  at  base. 

The  upper  gravel  of  this  section  is  only  2  feet  thick  where  the  clay  is 
exposed,  but  on  the  hillside  south  of  this  exposure  it  is  probably  from 
15  to  20  feet  thick. 

BRICK    CLAYS. 

Enormous  quantities  of  good  brick  clays  lie  in  the  second  bottoms 
of  Arkansas  River  south  of  Altus,  extending  eastward  along  the 
river  as  far  as  the  mouth  of  Horsehead  Creek.  At  some  places,  as  on 
the  road  from  Altus  to  Roseville,  these  brick  clays  are  from  20  to  30 
feet  thick.  The  bricks  made  from  these  clays  are  gray  in  color  and 
spotted  with  iron. 

The  area  of  brick  earths  around  Ozark  is  limited  to  a  small  portion 
of  the  NW.  i  sec.  36,  NE.  J  sec.  35,  SW.  }  sec.  25,  and  SW.  }  sec.  26, 
T.  10N.,R.27W. 

No  bricks  have  been  made  at  Ozark  for  several  years.  The  last 
were  made  by  W.  A.  Jennings  in  1886. 

About  1  mile  north  of  the  Roseville  ferry,  near  the  center  of  sec.  33, 
T.  9  N.,  R.  26  W.,  the  Altus-Roseville  road  crosses  a  terrace  of  red- 
dish, sandy,  horizontally  bedded  clays  similar  to  those  of  the  terraces 
at  Argenta  and  Fort  Smith.  At  this  locality  the  terrace  is  about  25 
feet  high.  It  may  be  traced  for  about  300  yards  east  of  the  road  to  a 
point  where  it  is  cut  off  by  a  small  stream,  and  for  about  100  jSLvds 
west  of  the  road.  The  clay  is  the  same  as  that  used  for  the  manu- 
facture of  building  bricks  at  Pendle  &  Morrison's  yards  in  Fort  Smith 
and  at  Argenta. 

This  terrace  can  no  doubt  be  traced,  at  about  the  same  elevation, 
from  50  to  75  feet  above  the  river,  for  long  distances  on  both  sides  of 
the  river  bottoms,  though  in  many  places  it  has  been  entirely  removed 
by  erosion. 

At  the  church  in  the  southwest  comer  of  the  SW.  J  SE.  J  sec.  28, 
T.  9  N,,  R.  26  W.,  a  well  about  30  feet  deep  shows  a  surface  of  j^ellow 
sandy  clay  or  loam,  while  the  materials  brought  up  in  cleaning  show 
the  bottom  to  be  whitish  gravels  stained  with  iron. 

Near  the  south  line  of  the  section  in  the  SW.  i  SE.  J  sec.  21,  T.  9 
N.,  R.  26  W.,  a  well  21  feet  deep  has  the  following  section: 

Section  in  veil  xn  sec.  21,  T.  9  N.,  R.  JC  W. 

Feet. 

Yellow  sandy  clay  or  loam 3 

Sticky  yellow  clay 18 

Black  ahale  at  bottom. 
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Some  small  patches  of  brick  earth  occur  close  to  Altus.  These 
vary  in  extent  from  1  to  10  acres.  No  bricks  have  been  made  here 
for  several  years. 

The  following  is  a  section  at  Altus  station,  on  the  St.  Louis,  Iron 
Mountain  and  Southern  Railway: 

Section  at  Alius  station. 

Feet. 

Reddish-brown  clay 3 

Yellow  clay 2 

Whitifih-yellow  clay,  visible 1 

The  colors  seem  to  be  the  only  distinguishing  features,  as  each  of 
the  three  divisions  contains  pebbles  and  their  texture  is  otherwise 
alike. 

In  the  N.  i  SE.  }  sec.  16,  T.  9  N.,  R.  26  W.,  the  road  passes  a  band 
of  red  sandy  clay.  It  lies  upon  the  slope  of  a  hill,  facing  north.  It 
is  about  150  yards  across,  but  its  depth  is  not  known. 

At  several  places  around  Altus  there  are  disintegrated  blue  argilla- 
ceous shales.  On  the  Roseville  and  Altus  road  these  shales  are 
among  red  and  blue  shales  and  thin  beds  of  sandstone  close  to  George 
Page's  house,  in  the  SW.  }  NE.  i  sec.  2,  T.  9  N.,  R.  26  W.,  and  also 
in  a  ditch  at  a  corresponding  level  in  the  NE.  J  SE.  \  sec.  16. 

CLAY  INDUSTRY. 

In  the  NE.  J  NE.  }  sec.  20,  T.  10  N.,  R.  26  W.,  J.  M.  Van  Curom  at 
one  time  manufactured  coarse  earthenware.  The  material  used  was  a 
partially  disintegrated  red  and  Ught-blue  argillaceous  shale,  from  18 
inches  to  4  feet  in  thickness,  which  occurs  on  the  tops  of  the  hills  near 
by.  The  shale  is  overlain  by  a  thin  layer  of  gravel,  and  owing  to  the 
difficulty  of  separating  the  two  the  material  used  in  this  pottery  con- 
tained a  considerable  quantity  of  small  pebbles,  which,  with  the 
appliances  employed,  the  owner  of  the  shop  was  not  able  to  remove 
entirely.  The  red  color  of  this  material  is  so  marked  that  even  when 
ready  for  burning  the  ware  has  a  light-red  color. 

Only  the  commonest  classes  of  ware  used  in  the  neighborhood,  such 
as  chums,  jugs,  crocks,  and  jars,  were  manufactured.  A  small 
quantity  of  6-inch  piping  was  also  made,  for  chimney  flues. 

The  slip  used  for  glazing  was  the  ordinary  black  or  Albany  glaze. 
The  kiln  was  not  suitable  for  salt  glazing.  Owing  to  the  general 
roughness  of  the  ware  a  great  amount  of  slip  was  used,  leaving  a 
rough  surface  streaked  with  slip  in  different  stages  of  fusion.  The 
construction  of  the  kiln  also  allowed  ashes  to  settle  on  the  hot  ware, 
where  it  became  fixed  by  the  glazing,  thus  adding  to  the  roughness 
of  the  surface. 

The  fuel  used  in  this  kiln  was  mostly  oak  wood,  but  coal  was  also 
used. 
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These  shales  make  a  coarse  but  strong  ware,  the  loss  by  firing  and 
drying  being  about  2  per  cent.  If  they  were  properly  crushed, 
ground,  and  screened,  there  is  little  doubt  that  good,  strong  sewer 
pipe  might  be  manufactured  from  them. 

GARLAND   COUNTY. 

About  Hot  Springs  are  many  beds  of  argillaceous  shales,  which  in 
places  are  decayed  to  soft,  plastic  clays.  At  the  spring  just  below  the 
old  Hale  bathhouse  some  of  these  shales  are  light  colored  and  have 
decayed  to  a  buff  or  dirty  cream-colored  clay,  while  the  darker  shales 
form  on  decay  a  very  black,  sticky  mud. 

Where  the  cut  is  made  for  the  Government  reservoir  at  the  south 
side  of  the  reservation,  the  rocks  cut  are  black  shales  on  the  south  and 
sandstones  on  the  north.  Both  shales  and  sandstones  are  traversed 
by  numerous  quartz  veins,  and  even  where  the  shales  have  decayed 
and  formed  a  soft,  plastic  clay  broken  quartz  veins  may  be  seen. 
These  decomposed  beds  are  injured  for  practical  use  by  the  presence 
of  these  small  decayed  quartz  veins,  which  now  remain  as  strings  of 
angular  quartz  fragments. 

These  shales  belong  with  the  overlying  rocks  and  are  well  above 
the  novaculites,  which  end  with  the  Garland  conglomerate  bed  shown 
in  the  quarries  on  both  sides  of  the  avenue  above  the  Hotel  Arlington. 

No  clay  industry  of  any  kind  is  at  present  carried  on  in  Garland 
County. 

A  pecuHar  form  of  kaolinite  to  which  the  name  rectorite*"  has  been 
given  is  found  in  Garland  County  in  sec.  27,  T.  2  N.,  R.  19  W.  This 
material  is  tough  and  leathery,  but  it  has  the  smooth,  soapy  feel  so 
characteristic  of  the  kaolins  and  of  steatite.  It  occurs  in  association 
with  the  Ordovician  sandstones  of  the  region,  but  the  deposits,  so 
far  as  known,  are  only  about  a  foot  thick. 

Analyses  of  rectoriU  fron}  Garland  County, 
[K.  N.  Brackett,  analyst.] 


miica  (SIOi)  .... 

AlumiDA  (AbOi) 

Iron  (FeiOi) 

Ume  (CaO) 

Magneflia  (ilgO)^  (onedetermlDation) 

PoSuh  (KjO) 

Soda  (NatO) 

LoM  on  Ignition 


Water  at  llfPC. 


1. 

2. 

52.72 

52.88 

36.60 

35.51 

.25 

.25 

.45 

.45 

.51 

.51 

.28 

.28 

2.83 

2.83 

7.76 

7.72 

101.38 

100.41 

8.78 

8.33 

Rectorite  as  it  comes  from  the  ground  ranges  in  color  from  pure 
white  tcf  reddish  brown.     The  sheets  are  very  flexible  but  entirely 


•  In  honor  of  E.  W.  Rector,  of  Hot  SpringN,  who  originated  the  Geological  Survey  of  Arkansas. 
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without  elasticity.  It  is  infusible  before  the  blowpipe,  but  when 
heated  in  the  flame  of  a  Bunsen  burner  it  loses  water  and  becomes 
brittle.  Specimens  of  this  kaolinite  were  sent  to  ceramic  works  to 
be  tested  practically,  and  the  following  report  was  made  on  the 
results  by  Homer  Laughlin,  of  East  Liverpool,  Ohio: 

The  sample  of  what  you  call  kaolinite  sent  me  was  duly  received  and  carefully 
examined  and  tested  under  fire.  The  mineral  is  neither  kaolin  nor  kaolinite,  but 
just  what  it  should  be  called  I  am  unable  to  say,  never  in  all  my  experience  Having 
seen  any  mineral  of  its  kind.  Unlike  kaolin,  it  will  not  dissolve  in'water.  It  bums 
a  white  color  and  becomes  very  vitreous  and  strong.  It  can  not  be  finished  with  a 
smooth  face  or  skin,  but  roughs  up  like  a  blotting  pad.  It  is  certainly  a  very  inter- 
esting and  curious  mineral,  but  I  can  think  of  no  use  for  it  in  ceramic  manufacture 
unless  it  could,  after  careful  experiments,  be  made  into  novel  ornaments. 

Samples  were  also  sent  to  Oliphant  &  Co.,  of  the  Delaware  Pottery, 
at  Trenton,  N.  J.,  but  they  were  unable  to  say  anything  of  its  quality 
or  market  value. 

Although  rectorite  is  not  now  known  to  have  any  practical  com- 
mercial value,  it  is  mentioned  here  as  of  scientific  interest  and  of 
possible  future  importance." 

GRANT   COUNTY,  ft 

Grant  County  is  almost  entirely  within  the  area  of  the  "Lignitic'' 
(Tertiary').  The  surface  is  such  as  is  characteristically  found  in  the 
Tertiary  area  of  tliis  State,  being  a  rolling  surface,  broken  in  the 
vicinity  of  the  larger  streams.  The  soils  are  sandy  and  thin  on  the 
uplands,  while  the  higher  ridges  exhibit  abundant  novaculite  gravels, 
at  many  places  rudely  stratified  and  everyivhere  small. 

The  divides  are  in  many  places  wide  and  flat,  or  filled  with  a  series 
of  broad  depressions  which  constitute  sandy  *' slashes.''  All  support 
a  heavy  growth  of  large  and  fine  pine.  The  bottom  lands  are  charac- 
teristically wet  and  clayey.  They  support  an  abundant  growth  of 
large  white  oak,  red  oak,  and  gum,  with  scattered  groves  of  holly. 

The  general  stratigraphy  here  given  is  the  result  of  composite 
sections  made  up  from  well  records  and  from  sections  in  gullies  and 
cuts  made  by  streams.  Near  the  mouths  of  the  deeper  ravines  a 
sandy  clay  lies  at  the  base  of  the  hills. 

The  members  of  the  Eocene  (Tertiary)  form  a  considerable  portion 
of  the  surface  of  this  county.  As  is  well  known,  these  members  are 
largely  arenaceous,  with  an  admixture  of  thin  clays  of  varying  colors. 
Commonly  these  clays  are  erratically  distributed  in  the  form  of 
small  lenticular  pockets.  The  pockets  are  disposed  without  observ- 
able vertical  order,  but  appear  to  be  most  common  near  the  top  of 
the  series.     Their  color  is  nearly  everywhere  drab  to  white,  but  at 


a  A  mlneraloglcal  description  of  rectorite  was  published  by  R.  N.  Braclcett  and  J.  F.  WilHams  in  Am. 
Jour.  Sci.,  3d  ser.,  vol.  42,  1891,  pp.  1(V-21. 
b  The  notes  on  Grant  County  were  taken  chiefly  by  K.  E.  Call  and  C.  K.  Siebeuthal. 
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some  places,  especially  where  heavy  beds  of  sand  are  superimposed 
upon  them,  it  is  some  shade  of  red. 

In  the  NW.  }  SE.  }  sec.  35,  T.  4  S.,  R.  15  W.,  near  the  mouth  of  a 
small  tributary  of  Saline  River,  there  is  a  bed  of  light-drab  and 
fine-grained  fire  clay,  underlying  a  2-foot  bed  of  lignite.  The  clay 
is  exposed  for  about  2^  feet,  but  its  total  thickness  is  not  known. 
The  locality  is  difficult  of  access  and  at  present  without  transportation 
facilities. 

The  lignite  found  at  this  locality  has  been  tried  in  blacksmiths' 
forges  at  Sheridan  with  indifferent  success.  Several  sacks  of  it 
were  taken  to  that  village  and  burned  in  grates;  it  is  reported  to 
have  burned  well.  On  exposure  it  falls  to  pieces,  eventually  becom- 
ing a  coarse  powder,  which  circumstance  woidd  prevent  its  general 
use  for  fuel  were  it  otherwise  suitable. 

A  tough,  plastic,  gray  clay  outcrops  on  E.  G.  Davis's  place,  in  the 
SW.  }  NW.  }  sec.  25,  T.  6  S.,  R.  15  W.  A  well  300  yards  west  and 
about  25  feet  higher  went  through  25  feet  of  sand.  The  well  at  the 
gin  in  Sandy  Springs,  which  is  about  400  yards  south  of  the  first  well, 
showed  from  8  to  10  feet  of  white  sand.  The  road  for  IJ  miles 
southwest  of  Sandy  Springs  shows  red  sand  but  no  gravel.  At  one 
place  the  sand  much  resembles  chocolate  clay. 

About  20  feet  of  a  dark  sandy  clay  outcrops  in  a  stream  bank  in 
the  SW.  i  NW.  }  sec.  31,  T.  6  S.,  R.  14  W. 

Stephen  Heard's  well,  near  the  northwest  corner  of  the  SW.  J 
sec.  31,  T.  6  S.,  R.  15  W.,  shows  the  following  section: 

Section  of  Stephen  Heard's  well. 

Feet. 

Red  clay 15 

Potter's  clay 7 

Red  clay 8 

White  gravel  (some  bowlders  as  large  as  a  man's  head) 5 

Clays  of  different  colors,  the  lowermost  containing  loaf  impressions.  ,'U 

White  sand 3 

Plastic  clay  is  reported  near  the  southwest  comer  of  sec.  18,  T.  6  S., 
R.  15  W.;  also  on  the  Davis  farm,  near  the  center  of  sec.  10,  in 
same  township.  A  very  white  plastic  clay  is  reported  to  occur  in 
same  township  near  the  schoolhouse  in  sec.  9,  about  the  middle  of 
the  west  side,  on  a  small  drain  flowing  into  Brushy  Creek. 

Plastic  gray  clay  outcrops  in  the  NW.  \  NW.  }  sec.  31,  same  town- 
ship, in  a  drain  flowing  south  in  Gum  Bottom.  Similar  clay  which 
has  been  used  for  pottery  outcrops  in  drains  and  is  exposed  on  the 
breaks  of  the  hills  farther  east  all  along  the  north  side  of  Gum  Bottom. 
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Section  of  well  at  Sheridan. 

Feet. 

Light  sandy  soil  with  abundant  novaculite  pebbles;  occasionally 
clayey 3 

Small,  waterwo'm  novaculite  gravels,  with  much  purplish  quartzite; 
rudely  cross-bedded  and  stratified 13 

White  sand,  with  lenticular  pockets  of  drab,  red,  or  yellow  clay;  peb- 
bles rare  toward  the  top 43 

Blue  to  black  horizontally  stratified  clay,  containing  in  its  partings 
abundant  lignite  particles  and  mica  scales.  Well  sections  com- 
monly end  in  this  member,  which  has  at  no  point  been  penetrated, 
at  8  to  10  feet  below  the  top. 

In  the  roads  from  Benton  to  Sheridan  and  from  Sheridan  to  Pine 
Bluff,  Jiear  the  top  of  every  hill  which  is  crossed,  there  are  thin 
layers  of  a  red  or  yellow  ocherous  clay  which  has  nowhere  been 
found  in  heavy  beds.  The  same  clays  are  found  on.  the  faces  of  the 
higher  bluffs  near  all  the  streams  and  form  a  conspicuous  feature  of 
all  the  deeper  washes. 

Limonitic  or  buckshot  brick  clays  similar  to  those  used  at  Malvern 
occur  in  the  bottoms  of  all  the  streams,  especially  in  those  of  Lost, 
Hurricane,  and  Darysaw  creeks,  and  in  that  of  SaUne  River.  The 
distribution  of  these  limonitic  clays  is  well  defined.  They  skirt  the 
bases  of  all  the  hills  and  extend  over  the  bottoms  of  all  the  creeks 
and  deep  branches,  forming  the  roadbed  in  all  such  localities.  The 
cold  and  wet  character  of  the  bottom  lands  is  due  to  their  presence, 
for  water  does  not  readily  percolate  through  them.  Throughout  the 
bottom  lands  they  rise  here  and  there  to  the  surface  in  barren  patches. 
A  map  of  the  region  including  the  river  and  creek  bottoms  would  be 
a  map  showing  the  distribution  of  the  limonitic  hardpan  or  buckshot 
clays. 

The  pine  flats  or  pine  slashes  of  the  higher  lands  are  of  a  sandy, 
drab-colored  clay,  which  is  used  locally  for  building  chimneys.  In 
one  place,  at  Sheridan,  it  has  been  employed  in  the  manufacture  of 
rough  bricks.  The  clay  is  not  well  suited  to  this  use,  containing  too 
much  sand,  too  little  iron,  and  burning  to  a  poor  color.  The  jail 
at  Sheridan  is  built  of  bricks  made  from  this  clay — the  only  kiln 
of  brick  known  to  have  been  made  in  the  county. 

The  region  along  Saline  River,  especially  at  the  base  of  the  bluffs, 
gives  most  promise  of  exhibiting  deposits  of  fire  and  pottery  clays, 
this  region  being  the  one  that  best  exposes  the  deeper  l3ang  Tertiary 
clays. 

At  numerous  locaUties  throughout  Grant  County,  and  notably  in 
the  SW.  i  SW.  }  sec.  11,  T.  5  S.,  R.  13  W.,  there  is  a  highly  ferrugi- 
nous sandstone  at  places  attaining  a  thickness  of  1  foot.  This  rock 
occurs  commonly  well  up  on  the  sides  of  the  hills  and  not  infrequently 
caps  their  summits.     In  other  localities  the  gravels  are  conglomerated, 
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or  cemented,  with  iron  oxides,  and  may  be  removed  in  large  masses 
from  the  hills.  Both  sorts  are  locally  used  for  underpinning  houses 
and  bams,  and  occasionally  for  building  chimneys.  In  a  regicm 
where  other  hard  rock  is  entirely  wanting,  these  beds  appear  to  be 
very  valuable  for  both  these  uses. 

The  water  from  the  wells  has  a  bitter  saline  taste,  due  possibly  t-o 
epsom  salts  (magnesium  sulphate)  or  to  sulphate  of  iron.  Only 
water  coming  from  the  numerous  springs  along  the  contac*.t  line 
between  the  gravels  and  the  underlying  clays  or  clayey  sands  appears 
to  be  free  from  this  bitter  taste. 

It  is  believed  that  the  beds  underlying  the  surface  metnbers  are 
equivalent  to  those  at  Camden. 

No  plant  of  any  kind  in  the  county  is  engaged  in  the  niaimfacture 
'of  brick  or  other  clay  products. 

GREENE  COUNTY. 

GENERAL  GEOLOGY. 

Greene  County  is  divided  into  three  natural  topographic  provinces — 
the  St.  Francis  River  sunken  lands  on  the  east,  Crowleys  Ridge  in  the 
center,  and  the  Cache  River  bottoms  on  the  west. 

The  St.  Louis,  Iron  Mountain  and  Southern  Railway  from  Jones- 
boro  to  Piggot  runs  along  the  second  bottom  land  on  the  east  side  of 
Crowleys  Ridge.  The  second  bottom  land  is  formed  of  reworked 
material  derived  from  Crowleys  Ridge.-  It  is  a  yellow-clay  soil,  well 
adapted  to  the  cultivation  of  wheat  and  com.  At  Paragould  the 
yeUow-clay  land  extends  about  2  miles  eastward  from  the  foot  of  the 
ridge. 

East  of  the  yeUow-clay  second  bottom  land  comes  a  narrow  band 
of  glady  clay  soil  which  extends  eastward  for  about  2  miles.  The 
clay  that  forms  this  strip  is  a  white  to  gray  joint  clay  or  pipe  clay, 
which  is  very  tough  when  wet  but  pulverizes  completely  when  turned 
by  the  plow  and  exposed  to  the  sun  and  rain.  In  texture  the  soil  is 
very  similar  to  that  of  the  second  bottom  to  the  west. 

The  western  edge  of  the  white  glady  land  marks  the  western  limit 
of  high  water  of  St.  Francis  River.  Until  recent  \^ears  backwater 
from  the  river  would  ^tand  on  the  land  until  the  iron  oxide  had  been 
leached  out  so  as  to  leave  the  soil  cold  and  lifeless.  Where  the  land 
has  been  drained  and  the  water  kept  from  standing  on  it,  the  soil 
within  three  to  four  years  assumes  a  brown  to  yellowish  color  and 
becomes  more  productive. 

The  soil  of  the  country  east  of  the  glade  land  is  composed  of  line 
silt  and  sand.  The  sandy  land  stands  8  to  10  feet  lower  than  t  lie  white 
glady  land  to  the  west. 

The  Tertiary  rarely  appears  at  the  surface  along  the  east<»rn  edge 
of  Crowleys  Ridge  in  Greene  County,  but  is  covered  by  later  deposits. 
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consisting  of  Lafayette  gravel  and  sand  and  loess.  In  one  of  the 
wells  at  Paragould  the  Tertiary  was  encountered  below  20  feet  of 
yellow  clay  and  about  the  same  thickness  of  iron-stained  gravel 
(Lafayette). 

On  the  western  edge  of  the  ridge  the  Tertiary  sands,  interstratified 
with  variegated  clays,  occur  at  various  places  along  the  steep  and  in 
places  almost  vertical  cliffs. 

The  hard  quartzose  sandstone  ledges  which  are  found  at  the  foot 
and  on  the  sides  of  the  ridge  near  the  railroad,  in  the  northwestern 
part  of  Craighead  County,  outcrop  in  no  less  than  five  localities  in 
Greene  County.  One  occurs  on  the  line  between  Greene  and  Craig- 
head counties,  one  near  Walcott,  one  near  Crowley,  one  west  and 
another  northwest  of  Gainesville,  and  still  another  is  reported  3  miles 
west  of  Paragould.  At  each  place  the  sandstone  is  similar  in  appear- 
ance to  the  Tallahatta  of  central  Mississippi,  but  its  exact  age  is  as 
yet  unknown. 

Buckshot  clay  lands  and  the  sandy  bottom  land  of  Cache  River 
bottom  occupy  the  country  to  tlie  we.st  of  Crowleys  Ridge. 

CLAY  INDUSTRY. 

The  only  clay  used  in  the  county  for  other  than  agricultural  pur- 
poses is  the  loess  and  reworked  loess  used  in  the  manufacture  of 
bricks  at  Paragould  and  Gainesville.  A  sample  was  taken  from  the 
loess  at  the  village  of  Gainesville,  where  it  is  employed  in  the  manu- 
facture of  bricks.  It  is  hardly  a  typical  loess,  but  it  is  closely  allied 
to  it. 

Analysis  of  loess  u^edfor  hrichmaking  at  Gaintsville. 

(Dried  Ht  110°-115*»  C.    Brafkett  &  Smith,  analysts.] 

Silica  (SiOa) 81.34 

Alumina  (AUOg) 9. 71 

Ferric  oxide  (FoA^ 3. 67 

'   Lime  (CaO) 29 

Magnesia  (MgO) 33 

Manganese  (MnO) .* Trace. 

Alkalies,  by  difference 1. 55 

I/)ss  on  ignition 3.11 

100.00 
Air-<lried  sand  in  air-<lried  specimen 35. 00 

The  deposits  from  which  this  sample  came  Ke  on  the  slope  of  a  hill, 
the  l)aso  of  which  is  composed  entirely  of  Tertiary  partly  colored 
sands.  Except  for  the  small  percentage  of  sand  in  the  air-dried 
specimen  and  the  greater  oxidation  of  the  iron  this  soil  does  not  differ 
materially  from  typical  loess. 

The  bricks  from  the  plant  of  the  Paragould  Brick  Company  are 
made  from  the  reworked  loess.     Dry-pressed  and  wet-mud  bricks  are 
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made.  The  clay  for  the  wet-mud  bricks  is  tempered  and  molded  by 
steam,  dried  in  covered  racks,  and  burned  in  updraft  clamp  kilns. 
It  requires  about  seven  days  for  drying  and  fourteen  days  for  burning. 
Wood  is  used  for  fuel. 

Two  kinds  of  clay  are  present  in  the  pit.  The  upper,  porous 
ydlow  stratum.is  best  adapted  for  making  brick.  The  lower  stratum 
m  a  compact,  plastic  gray  clay  which  can  not  be  used  for  brick  with- 
out being  mixed  with  the  overlying  yellow  clay.  When  used  alone 
it  checks  badly  in  drying.  The  wet-mud  machine  has  a  capacity  of 
20,000  bricks  a  day. 

The  clay  for  the  dry  press  is  stored  in  a  dry  shed  for  several  weeks 
and  is  then  molded  into  bricks  and  set  in  an  updraft  kiln.  It  requires 
about  seventeen  days  to  burn  the  dry-press  bricks.  The  machine 
has  a  capacity  of  15,000  bricks  a  day.  About  50  per  cent  of  the 
bricks  made  at  Paragould  are  sold  at  the  kiln;  the  remainder  are 
shipped  to  neighboring  towns. 

The  following  analysis  was  made  from  the  reworked  pnxUict  of  the 
loess  at  Paragould : 

Analysis  of  brick  earth  from  the  surface  al  Parayouhl. 
jDried  at  110"-115°  C.    Bratrkett  &  Smith,  analysts.] 

Silica  (SiOa) 79.07 

Alumina  (AI2O3) 8. 79 

Iron  (FejOj) 2.54 

Lime(CaO) 

Magnesia  (MgO). .  (by  difference) 2. 37 

Alkalies 

Manganese  (MnO) 3.  G8 

Loss  on  ignition 3. 55 


100.00 
Air-dried  sand  in  air-<lried  clay 43. 64 

The  percentage  of  iron  found  in  analyses  of  Greene  County  clays 
is  commonly  sufficient  to  give  the  bricks  a  deep  shade  of  red.  In 
analyses  of  clay  from  Paragould  only  a  trace  of  manganese  appears. 
The  red  color  of  bricks  made  from  loess  clays,  therefore,  seems  to  l)e 
due  to  the  iron  alone.  To  get  brown  colors  it  will  be  necessary  to 
add  manganese-bearing  clay.  Lime  and  other  alkaHes  form  an 
inconsiderable  portion  of  the  whole  clay.  From  these  loess  soils  the 
best  quality  of  pressed  brick  may  be  made.  This  has  already  been 
practically  demonstrated  at  many  places  along  the  upper  Mississippi 
River. 
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HEMPSTEAD  COUNTY. 

GENERAL  GEOLOGY. 

In  its  general  features  the  geology  of  Hempstead  County  is  very 
simple.  The  rocks  of  the  northern  part  of  the  county  are  upper 
Cretaceous,  while  those  of  its  southern  part  are  Tertiary.  The  upper 
Cretaceous  rocks  are  covered  with  great  beds  of  waterwom  material — 
cobblestones,  pebbles,  and  sand.  This  gravel  is  especially  abundant 
about  Bingen  and  between  Nashville  and  Hickory  Creek. 

The  line  of  juncture  between  the  Cretaceous  and  the  "Lignitic" 
(Tertiary)  where  the  latter  overlaps  the  former  enters  the  county  at 
a  point  northeast  of  Hope,  south  of  the  railroad,  and,  following  a 
generally  southwest  direction,  crosses  Bois  d'Arc  Creek  about  4 
miles  southeast  of  Fulton.  South  of  this  line  everything  in  the 
county  is  Tertiary,  except,  of  course,  the  alluvial  flood  plains  of  the 
streams  and  the  occasional  patches  of  Pleistocene  materials.  The 
Cretaceous,  however,  dips  to  the  southeast  beneath  the  Tertiary, 
and  deep  wells  sunk  in  any  part  of  the  Tertiary  region  must  sooner 
or  later  strike  the  Cretaceous  rocks.  As  elsewhere  in  the  State,  the 
Tertiary  beds  are  mostly  soft  and  are  disposed  in  horizontal  or 
nearly  horizontal  strata.  The  whole  of  this  Tertiary  part  of  the 
county  has  been  more  or  less  denuded,  but  in  some  places  the  streams 
have  cut  out  the  beds  to  make  the  valleys,  leaving  the  remnants  of 
these  beds  in  the  hilltops,  where  they  are  covered  with  a  thin  coating 
of  sand,  gravel,  and  loam. 

CLAY  DEPOSITS. 

In  southern  Hempstead  County,  as  elsewhere  in  the  Tertiary 
regions,  pottery  clays  are  found  in  patches.  This  fragmentary 
nature  of  the  potteiy  clay  deposits  may  be  due  either  to  the  original 
pockety  nature  of  the  sediments  or  to  subsequent  erosion,  which  has 
removed  a  great  part  of  the  original  clay  beds.  In  prospecting  to 
determine  the  extent  of  known  deposits  these  points  should  be 
determined  first  and  prospecting  carried  on  accordingly. 

The  pottery  clay  deposits  of  Hempstead  County,  so  far  as  they 
have  l)een  practically  tested,  are  best  known  in  the  neighborhood  of 
Spring  Hill,  a  town  about  6  miles  south  of  Hope,  and  in  T.  13  S.,  R.  24 
W.,  4  miles  south  of  Hope. 

CLAY  INDUSTRY. 

Foley  pottery, — There  was  formerly  a  small  pottery  4  miles  south  of 
Hope,  operated  by  John  Foley.     The  clay  was  obtained  from  a  bank 
opened  in  the  KW.  }  SE.   }  sec.   18,  T.  13  S.,  R.  24  W.     The  clay 
deposit  is  about  150  yards  in  diameter,  as  shown  by  test  pits,  and 
aggregates   14  feet  in  thickness.     It  is  divided  into  two  beds,  an 
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upper  one,  4  feet  thick,  of  a  clay  that  is  of  bluish  color  when  wet, 
but  nearly  white  when  dry.  This  bed  contains  seams  of  indurated 
or  slaty  clay,  so  hard  as  to  require  grinding.  The  lower  bed  of  clay 
is  10  feet  thick,  and  when  wet  is  of  a  pinkish  hue.  It  contains  some 
iron  stains  and  weathers  to  a  yellowish  color. 

The  upper  one  of  these  clay  beds  was  used  for  the  manufacture  of 
flower  pots  and  the  various  classes  of  pottery  demanded  in  the  dis- 
trict. The  lower  bed  was  used  exclusively  for  making  fire  bricks. 
Bricks  made  from  this  clay  are  light  and  porous,  and  are  of  a  cream 
color.  To  render  the  clay  porous  enough  for  brick  manufacturing 
sawdust  was  mixed  with  it  before  molding. 

Analyses  of  the  clays  used  by  Mr.  Foley  in  the  manufacture  of 
pottery  and  fire  bricks  are  given  below.  Each  specimen  analyzed 
was  dried  at  110^-115^  C. 

Analyses  of  clays  from  beds  near  Hope. 
[Drackett  &  Smith,  analysts.] 


BiUca(SiOs) 

AIomlxiA  ( AliOt) 

Ferric- oxide  (FeiOs)  .. 

Liiiie(CaO) , 

Magnesia  (MsO) 

Poto8h(KiO) 

8o<U(NaflO) 

Loss  on  ignition  (HiO) 

Sand 

Water^t  no»-n5«  C. . . 


1. 

2. 

76.33 

'        16.04 

1.24 

73.87 

17.38 

1.64 

•  «7J7 

1.41^ 

5.40 

5.65 

100.00 

13.00 

2.23 

100.00 

1.92 

72.48 

18.24 

1.52 

l.»8 

5.78 


100.00 
3.62 
1.69 


Other  clays  suitable  for  the  manufacture  of  fire  brick  may  be 
found  within  a  short  distance  of  the  Foley  pit. 

Spring  HiU  pottery. — Before  the  civil  war  a  small  pottery  was  oper- 
ated at  Spring  Hill,  where  several  beds  of  clay  are  available  for 
pottery. 

At  present  (1906)  a  pottery  is  operated  near  Spring  Hill  by  Michael 
Foley.  Tertiary  clays,  such  as  those  used  at  Texarkana  and  Ben- 
ton, are  used  for  the  manufacture  of  jug  ware,  crocks,  and  churns. 

Hope  hrick  works. — A  large  brick  plant  was  established  at  Hope  in 
1904  by  Messrs.  R.  E.  and  N.  P.  O'Neal.  Common  building  bricks 
are  made.  The  bricks  are  molded  by  steam  in  a  Hercules  Senior 
machine,  dried  by  the  pallet  and  rack  system,  and  burned  in  updraft 
clamp  kilns.  The  length  of  time  required  for  drying  depends  on  the 
weather.  About  ten  days  are  necessary  for  burning.  The  fuel  used 
is  wood.  Three  kilns  are  used.  The  bricks  are  made  from  the  sur- 
face clay.     The  plant  has  an  output  of  32,000  bricks  a  day. 
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HOT  SPRING  COUNTY. 

4 

GENERAL  GEOLOGY. 

The  Tertiary  border  enters  Hot  Spring  County  from  the  northeast, 
in  Saline  Township,  and  crossing  the  Hot  Spring  Railroad  a  mile 
south  of  Butterfield  and  Ouachita  River  at  Rockport,  passes  into 
Clark  County  a  few  miles  above  the  mouth  of  Bayou  de  Roche.  To 
the  south  and  east  of  this  line  Ue  the  nearly  horizontal  Tertiary  beds, 
while  to  the  north  and  west  the  county  is  moimtainous  and  the 
Paleozoic  rocks  are  much  folded,  broken,  and  eroded.  Though  it  is 
not  impossible  that  pottery  clays  may  be  found  among  the  disinte- 
grated shales  of  the  hilly  regions,  the  Tertiary  is  eminently  the  region 
of  pottery  clays,  not  only  in  Hot  Spring  County,  but  in  the  whole 
State  of  Arkansas. 

The  Tertiary  formations  have  been  denuded  in  Hot  Spring  County, 
as  elsewhere,  so  that  the  uppermost  beds,  being  deeply  scored  by 
gullies,  ravines,  and  valleys,  are  more  or  less  fragmentary.  Where 
the  pottery  clay  beds  belong  with  this  uppermost  group  they  have 
been  exposed  in  the  sides  of  the  hills,  but  their  margins  have  been 
covered  and  concealed  by  the  less  solul)le  and  less  portable  remains 
of  the  overlying  beds  and  by  waterworn  materials  of  Pleistocene  age. 
The  structure  of  the  region  is  thus  obscured  in  spite  of  its  great  sim- 
plicity, and  for  this  reason  the  pottery  clays  have  been  found  only 
where  they  happen  to  be  uncovered  by  some  natural  process,  as  in  the 
channel  of  a  stream,  or  artificially  along  roadsides  or  in  wells. 

CLAY  DEPOSITS. 
PERLA    SWITCH    CLAYS. 

The  only  place  at  wliich  the  Tertiar}^  potteiy  clays  are  known  to 
have  l)een  worked  in  Hot  Spring  County  is  at  Perla  switch,  about  2 
miles  east  of  Malvern  station  on  the  St.  Louis,  Iron  Mountain  and 
Southern  Railway.  At  this  place  Messrs.  O.  C.  Atchison  &  Co. 
manufacture  the  ordinary  kinds  of  common  pottery  ware,  such  as 
chums,  jars,  crocks,  jugs,  fruit  jars,  sewer  pipes,  flue  linings,  and 
fire  bricks.  The  clay  is  obtained  from  a  bank  on  the  west  side  of  a 
small  stream  in  the  NE.  }  SE.  }  sec.  24,  T.  4  S.,  R.  17  W. 

The  section  on  page  113  shows  the  relation  of  the  pottery  clays  of 
Atchison's  pit  to  the  hill  on  the  west  and  south. 

The  clays  are  covered  by  3  to  5  feet  of  gravelly,  sandy  soil,  the 
pebbles  of  which  are  principally  of  quartz  and  novacuUte. 

The  upper  part  of  the  clay  bed  has  occasional  pockets  of  pebbles, 
formed  in  cavities  made  by  the  decay  of  roots  and  stumps,  the  upper 
gravel  having  fallen  into  these  openings. 
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The  light  lead-colored  clays  forming  the  upper  part  of  the  clay 
bed  merge  into  mottled  clays  below,  and  these  in  turn  are  followed 
by  snuff-colored  layers,  while  the  lowest  part  of  the  bed  visible  is  a 
dark-brown  mucky  looking  clay.  Fossil  leaves  occur  only  in  the 
two  lower  members.  If  they  ever  existed  in  the  upper  part  of  the 
clay  they  have  been  destroyed  by  the  action  of  percolating  water. 

The  depth  of  this  clay  bed  was  tested  with  an  earth  auger  and 
was  found  to  be  30  feet.  The  bed  is  more  sandy  below,  however, 
and  contains  some  iron  pyrites,  wliich  injures  it  for  pottery  making. 

The  light-colored  upper  part  (10  feet)  of  Atchison's  clay  pit  is 
used  chiefly  for  the  manufacture  of  pottery.  This  clay  bums  tu  a 
hard,  solid  body  and  is  easily  glazed  with  either  the  Seneca  Falls  or 
Albany  slip  clay  or  with  salt.  The  lower  bed,  which  consists  of 
dark  clay,  is  utilized  for  the  manufacture  of  fire  bricks,  sawdust 
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being  mixed  with  the  clay  to  give  the  bricks  the  necessary  texture 
and  porosity.  This  clay  bums  to  a  light-cream  color  and  the  ware 
has  a  remarkable  bell-like,  metallic  ring. 


Analyse$  of  clay*  from  I'lrla  tmUh. 

[nncki'tt  A  Smith,  iinalyHli.) 


™if.!ii 


SIUca(SIO«) '  W.34  ■:i.w\ 

A1iibiIi»]aW>.) ""■'  lii'W 

Iron  (iBrrie)  oxida  (F«K*ti I'M  ,  1.18 

IJnie(CxO> I 

i!SSa4«5?!K '"•"'"" '"      "' 

So(U(NhO)....] 

W«tcr(HiO) -V:t)  i..:n 

Water  »tno'-llS*C I- "I  J «« 

FlnewliJWMDd J-*)   

On  John  Wilkerson's  land  in  the  X.  \  XE.  J  sec.  3.'>,  T.  4  S.,  K.  17 
W.,  there  is  a  deposit  of  light-colored  pottery  cliiy  from  whicii  ihe 
48186— Boll.  351—08 8 
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Atchison  Company  formerly  obtained  its  supply.  This  clay  has 
been  recently  tested  for  fire  bricks  by  the  Clark  Pressed  Brick  Com- 
pany, of  Malvern.  It  is  thought  that  it  will  prove  of  excellent 
quality  for  this  purpose. 

OTHER   CLAYS. 

The  topography  of  the  country  about  Perla  switch  and  the  dis- 
l>osition  of  the  Tertiary  beds  lead  to  the  belief  that  the  potter)' 
clays  found  at  the  Perla  pits  may  also  be  found  on  the  northwest 
side  of  the  railroad.  Similar  beds  may  reasonably  be  looked  for  on 
botli  sides  of  the  railroad  at  Traskwood,  and  along  the  line  of  hills 
northwest  of  the  road.  These  clays,  however,  may  vary  locally 
somewhat,  })oth  in  character  and  in  thickness,  here  disappearing 
altogether  and  there  forming  thick  pockets,  but  are  probably  rather 
constant  in  geologic  position. 

Tlie  gravel  and  sand  covered  ridge  south  of  Malvern  is  of  the  same 
geologic  structure  as  tliat  at  Perla  switch,  and  similar  pottery  clays 
might  reasonably  be  expected  almost  anywhere  in  that  region. 

West  of  the  ridge  on  which  Malvern  stands  a  dark  clay  containing 
more  or  less  lignite  is  foimd  in  wells.  The  following  is  the  record 
of  a  well  in  sec.  22,  T.  4  S.,  R.  17  W. 

A^^ection  in  well  v-cst  of  Malvern. 

Feet. 

(jirav<'l 12 

Wliite  clayoy  jn^vel 2 

Black  lijjnitir  clay 13 

27 

The  black  clay  was  not  completely  penetrated  in  this  well,  and  its 
thickn(»ss  is  not  knowTi.  The  bed  may  be  the  equivalent  of  the  beds 
worked  at  Perla  switch.  The  same  bed  has  been  found  in  other 
wells  in  section  22. 

A  sample  of  this  clay  was  burned  with  the  following  results: 

Tent  of  elay  from  sec.  Zi.  T.  4  »^.,  /^.  J7  ir.,  shoicimj  loss  on  ignition. 

Feet. 

Water  and  volatile  inatttT 17. 44 

Fixed  carbon 5. 61 

Total  lews 23. 05 

A  large  bed  of  light-colored  or  white  clay  underlies  the  gravel  bed 
in  the  rear  of  Orr's  Commercial  Hotel  at  Malvern  and  extends  south- 
ward along  the  hills  for  several  hundred  feet  and  northward  nearly 
across  the  street  next  east  of  the  hotel.  It  varies  from  6  to  8  feet 
in  thickness,  and  is  almost  pearly  white,  streaked  with  yellow  or 
brown — the  color  being  produced  by  infiltration  of  iron-charged 
waters  along  cleavage  joints.  It  is  not  known  whether  the  bed  has 
been  reache<l  in  wells  farther  east. 
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The  well  dug  for  the  planing  mill  at  Rockport  is  said  to  have 
passed  through  a  bed  of  potter's  clay  before  reaching  the  fossiliferous 
limestone,  but  this  clay  has  not  been  examined. 

The  following  is  the  section  of  A.  Parrish's  well,  near  the  center  of 
the  NE.  J  sec.  7,  T.  6  S.,  R.  17  W.,  as  reported  by  Mr.  Siebenthal: 

Section  in  well  of  A .  Parrish. 

Feet. 

Red  clay 1 

White  clay 8 

Darker  clay 2 

Lignite 1 

White  clay 2 

In  the  NE.  J  sec.  5,  T.  6  S.,  R.  17  W.,  according  to  Mr.  Siebenthal, 
the  Clarkson-Christopher  Lumber  Company's  tramway  cuts  20  feet 
of  slaty-blue  plastic  clay  which  weathers  very  much  like  the  olive- 
green  clays  of  Little  Rock.  This  clay  contains  leaf  impressions. 
The  locality  is  460  feet  above  tide. 

The  following  is  the  section  record  of  Ford's  well  in  the  SE.  J 
sec.  33,  T.  5S.,  R.  17  W.: 

Section  of  Ford's  well. 

Feet. 

Soil  and  gravel 24 

Tough  bluish  clay 2 

Sand  in  bottom. 

White  plastic  clay  is  reported  on  a  small  stream  in  the  SE.  i  sec.  3, 
T.  5  S.,  R.  17  W.  Mr.  Siebenthal  is  of  the  opinion  that  it  is  good 
potter's  clay. 

The  following  is  a  record  of  the  well  secti(m  at  Kramer's,  in  sec. 
19,  T.  6  S.,  R.  17  W.  This  place  is  430  feet  above  sea  level  (barom- 
eter) : 

Section  of  well  at  Kramer's. 

Feet. 
Soil  and  gravel 10 

Blue  clay 15 

Lignite 2 

Blue  clay 11 

Lignite 2 

£[ard  gray  clay 2 

Lignite  in  bottom. 

In  the  NE.  J  sec.  35,  T.  6  S.,  R.  18  W.,  about  a  quarter  of  a  mile 
above  Sulphur  Springs,  Mr.  Siebenthal  reports  4  feet  of  dark-gray 
clay  exposed  in  the  bank  and  bed  of  the  creek.  The  weathered 
upper  part  of  this  bed  is  dark  and  is  said  to  resemble  the  clay  in  the 
Perla  switch  beds  above  Malvern.  It  is  said  that  some  of  this  clay 
has  been  successfully  used  for  manufacturing  pottery.  A  practical 
test  of  it  was  made  by  the  Rev.  Mr.  Clark,  who  burned  it  on  the 
west  side  of  the  Ouachita,  below  Rockport. 
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In  addition  to  the  localities  mentioned  above,  it  is  highly  prob- 
able that  fine  pottery  clays  are  widely  distributed  throughout  all  of 
that  part  of  Hot  Spring  County  lying  south  and  east  of  the  St.  Louis, 
Iron  Mountain  and  Southern  Railway. 

MAGNET   COVE    KAOLIN.a 

The  rocks  of  the  Magnet  Cove  are  largely  feldspathic,  and  in 
places  they  are  decomposed  to  great  depths.  The  only  kaolin  found 
in  Magnet  Cove,  however,  occurs  in  a  few  small  scattered  bands  and 
patches,  while  the  residuary  clays  as  a  whole  are  fuU  of  grit,  iron 
oxide,  and  incompletely  de<5ayed  fragments  of  mica.  These  clays 
are  not  available  for  brickmaking,  and  even  the  earth  used  for  lining 
chimneys  is  hauled  from  the  region  of  sedimentary  rocks  outside  of 
the  cove. 

A  well  49  feet  deep,  dug  at  the  residence  of  J.  F.  Moore,  in  the 
SW.  i  NE.  i  sec.  19,  T,  3  S.,  R.  17  W.,  is  all  in  eruptive  rock,  decayed 
in  place,  much  of  which  is  soft  enough  to  be  removed  with  the  spade. 
Only  very  thin  streaks  of  kaolin  were  found  in  this  decayed  rock. 

A  small  deposit  of  kaolin  is  uncovered  east  of  I.  N.  Johnson's 
house,  in  the  southeast  comer  of  the  cove,  NW.  J  NE.  J  sec.  29, 
T.  3  S.,  R.  17  W.,  and  a  few  layers  are  exposed  in  the  Hot  Springs 
road  at  the  west  end  of  the  cove  near  Thomas  Holt's  house,  and  also 
in  his  well,  NE.  J  NE.  i  sec.  24,  T.  3  S.,  R.  18  W. 

At  John  Neusch's  house,  NW.  J  NE.  i  sec.  30,  T.  3  S.,  R.  17  W., 
small  streaks  of  kaolin,  perhaps  2  inches  wide,  were  found  in  digging 
a  well.  The  earth  taken  from  Mr.  Neusch's  well  was  examined 
shortly  after  the  well  was  dug.  The  little  lumps  of  kaolin  in  it  are 
of  excellent  quality,  but  there  is  nothing  to  lead  one  to  expect  to 
find  it  in  workable  quantities.  Afterward  lumps  of  this  kind  of 
kaolin  were  sent  to  the  office  of  the  State  survey  for  examination, 
with  the  report  that  there  was  an  inexhaustible  quantity  of  it,  but 
following  up  this  nimor  it  was  found  that  the  sample  came  from 
Mr.  Neusch's  well.  None  of  these  small  deposits  have  any  economic 
value.  It  is  possible,  however,  that  kaolin  may  yet  be  found  in 
Magnet  Cove  in  quantities  and  of  a  character  that  will  render  it 
valuable.  This  possibiUty  is  suggested  by  the  nature  of  the  rocks 
aiid  by  their  profound  decomposition. 

Bringier  speaks  of  cliina  clay  in  the  "Wichita''  cove,*  and  Doctor 
Owen  mentions  l)eds  of  kaolin  from  3  to  15  feet  in  thickne^ss.*^  These 
reports  have  not  been  confirmed.  The  places  referred  to  by  Owen 
were  "in  wells  dug  by  George  Piles  and  Mr.  Plank;"  if  the  locations 
can  be  found  it  may  be  well  worth  while  to  verify  the  matter. 

oThe  geology  of  the  Magnet  Cove  region  is  discufisecl  in  detail  by  Dr.  J.  Francis  Williams  In  Ann. 
Rept.  Survey  Arkansas  for  1890,  vol.  2. 

b  Bringier,  L.,  Am.  Jour.  Sci.,  Ist  ser.,  vol.  3, 1821,  p.  26. 

e  Owen,  D.  D.,  Second  report  of  a  geological  reconnaissance  of  the  middle  and  southern  counties  of 
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CLAY  INDUSTRY. 

Clark  Pressed  Brick  Company,  Malvern, — The  plant  of  the  Clark 
Pressed  Brick  Company  is  located  near  the  main  track  of  the  St. 
Louisy  Iron  Mountain  and  Southern  Railway,  on  the  south  side  of 
the  town  of  Malvern.  The  bricks  when  burned  are  loaded  directly 
from  the  kilns  into  cars. 

The  clay  used  for  making  the  brick  is  obtained  from  the  second- 
bottom  hummock  of  Ouachita  River,  about  three-fourtlis  of  a  mile 
from  the  kilns.  A  steam  shovel  is  used  in  the  pit  for  digging 
the  clay,  which  is  loaded  into  small  cars.  The  cars  are  drawn  to  the 
kiln  on  a  steel-railed  tramroad  by  means  of  a  small  locomotive. 

Through  the  summer  and  fall  the  common  stiff-mud  bricks  are 
made,  and  dry-pressed  brick  during  the  winter.  The  clay  is  high  in 
silica,  bums  to  a  deep  Indian  red  color,  and  makes  a  durable,  tough 
brick. 

The  bricks  are  made  in  an  end-cut  macliine  and  dried  in  an  arti- 
ficial drier.  The  green  bricks  are  then  placed  in  large  250,000  up-draft 
kilns.  It  requires  seven  days  for  burning  a  kiln,  using  110  tons  of 
coal. 

The  plant  has  a  capacity  of  75,000  bricks  a  day.  Forty-eight  men 
are  employed;  two  men  in  the  pit,  one  man  to  run  locomotive,  six 
men  in  setting  dried  bricks  in  the  kilns,  and  the  remainder  in  feed- 
ing pug  mill,  carting  green  bricks  away  to  drier  and,  when  dried,  to 
the  kilns,  running  machinery,  loading  burned  bricks,  and  firing 
kilns. 

Malvern  hrick  and  tUe  works, — This  plant  manufactures  white 
front,  paving,  and  fire  bricks.  The  white  plastic  clay,  which  is  doubt- 
less of  lower  Tertiary  age,  is  used.  The  bricks  are  made  in  a  stiff- 
mud  machine  and  dried  with  artificial  heat.  The  bricks  are  burned 
in  round  down-draft  kilns. 

JACKSON   COUNTY. 

The  greater  part  of  Jackson  County  lie^  east  of  White  River  and 
its  principal  tributary.  Black  River.  These  two  rivers  in  this  county 
practically  mark  the  eastern  border  of  the  old  Paleozoic  rocks.  The 
greater  portion  of  the  county  is  therefore  in  lowlands  of  Quaternary 
age.  Two  townships  that  lie  directly  south  of  Independence  County 
are  mostly  in  the  Paleozoic  area.  A  narrow  ridge  west  of  Depart 
Creek  in  T.  10  N.,  R.  4  W.,  contains  limestone  and  marl  bearing  a 
fauna  that  belongs  to  the  midway  stage  of  the  Tertiary.  The  Ter- 
tiary is  recognized  in  but  one  place  north  of  this,  namely  at  Newark, 
where  a  bed  of  greensand  marls  has  been  found  containing  shark's 
teeth  and  some  unrecognizable  invertebrate  fossils. 

The  surface  of  the  lowland  is  similar  to  that  of  most  of  the  coun- 
ties in  the  Quaternary  of  this  section  of  the  Stat^.     Near  the  streams 
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there  are  large  sand  ridges  of  alluvial  origin  w-ith  a  subsoil  of  yellow 
to  buckshotty  clay.  In  places  these  alluvial  deposits  extend  4  to  6 
miles  back  from  the  stream.  Abandoned  streams  can  likewise  be 
traced  by  old  channels,  with  aUuvial  deposits  extending  for  a  greater 
or  less  distance  on  both  sides.  Some  of  these  old  channels  now  form 
lakes. 

It  appears  that  the  surface  of  the  country  was  originally  very  nearly 
level,  with  but  slight  depressions,  sufficient  to  determine  the  loca- 
tion of  the  drainage  streams.  Repeat-ed  overflows  carried  large 
quantities  of  alluvium,  which  was  deposited  as  sand  ridges  near  the 
streams.  The  ridges  farthest  removed  from  the  streams  or  aban- 
doned channels  are  all  higher  than  the  prairie  lands.  The  soil  of  the 
prairie  lands  is  generally  a  yellowish  to  gray  clay,  in  places  contain- 
ing more  or  less  fine  sand.  The  difference  between  the  two  soils  is 
likewise  marked  by  differences  in  species  of  virgin  timber  and  differ- 
ences in  the  character  of  crops  produced.  The  alluvial  soil  is  generally 
much  more  fertile  than  the  prairie  soil. 

Xo  clay  products  of  any  kind  are  manufactured  in  Jackson  County. 
Brick  clays  are  available  at  Grand  Glaise,  in  the  southwestern  part 
of  the  county.  The  loam  that  forms  the  prairie  lands  back  from 
the  streams,  especially  in  the  central  part  of  the  county,  could  be 
made  into  common  building  brick.  A  clay  subsoil  that  outcrops  in 
the  bank  of  White  River  at  Newport  is  suitable  for  making  a  good 
building  brick. 

JEFFERSON   COUNTY. 

CLAY  DEPOSITS. 

The  greater  part  of  Jefferson  Coimty  is  covered  by  alluvial  deposits 
of  Arkansas  River  and  of  Bayou  Bartholomew.  Running  along  the 
western  edge  of  the  county,  however,  is  a  strip  of  the  daibome  (?) 
formation  (Eocene),  having  a  width  of  10  or  12  miles.  In  the  river 
bottoms  brick  clavs  occur  here  and  there  and  in  some  of  the  slashes 
there  are  occasional  patches  of  clay  available  for  the  manufacture  of 
cheap  grades  of  potter}',  but  the  best  clays  of  the  county  are  in  the 
western  tier  of  townsliips.  At  a  place  calleil  Wliite  Bluff  these 
Tertiary  l>eds  are  well  exposed  on  Arkansas  River.  The  accom- 
panying section  recorded  at  that  place  shows  the  relations  of  the 
claj's  to  other  beds. 

Stt'tion  at  }\'hiU  Blujf,  on  Arhitistis  Rinr. 

Fwt, 

1.  Soil  and  sand S 

2.  Light-gray  souidy  rlay 9 

,3.  Light-pink  <*lay  with  f<ies«il  loavi*:* S 

4.  Laminatcil  dark  ahaly  rhiy 9 
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Feet. 

5.  Dark  lignitic  ciay  vrith  two  bands  of  lignite 5-9 

6.  Whitesand 4-8 

7.  Laminated  dark  shaly  clay 11 

8.  Dark-bluish  sandy  marl 22 

Of  the  clays  exposed  in  this  section  No.  3  is  probably  the  most 
promising.  They  are  well  worth  testing  in  any  case.  The  nearness 
of  these  beds  to  water  transportation  on  Arkansas  River  gives  them 
additional  importance. 

These  beds  may  continue  across  the  country  and  at  other  places 
may  be  found  under  a  thinner  covering  than  that  overlying  them  at 
this  place. 

CLAY  INDUSTRY. 

Pine  Bluff. — Six  yards  were  formerly  engaged  in  the  manufacture 
of  soft-mud  bricks  at  Pine  Bluff.  The  bricks  were  all  made  by  hand 
and  dried  in  open  yards.  In  many  instances  the  bricks  were  insuffi- 
ciently dried  and  burned,  and  as  a  result  a  very  common  and  inferior 
product  was  made.  These  yards  have  all  sold  out,  quit  business,  or 
consolidated,  and  at  present  there  are  but  two  plants  doing  business 
in  the  city. 

Pine  Bluff  Brick  Company. — This  plant  was  incorporated  in  1892. 
Common  soft-mud  bricks  are  made.  The  bricks  are  molded  by  steam 
in  a  Herciiles  Senior  machine,  and  dried  artifically  thirty-six  hours  in 
a  Standard  drier.  Six  to  seven  days  are  necessary  for  burning  after 
they  are  thoroughly  dried.  They  are  burned  in  up-draft  kilns,  which 
have  a  capacity  of  375,000  to  400,000  bricks.  Wood  is  used  for 
burning,  about  three-fourths  of  a  cord  per  thousand  bricks  being  used. 
The  capacity  of  the  plant  is  40,000  bricks  a  day.  The  bricks  are 
made  from  a  sandy  surface  clay.  Size  of  green  bricks  2^  by  4}  by 
9  inches;  shrinkage,  none. 

Conley  hrick  plant. — A  small  brick  plant  is  operated  by  J.  II.  Con- 
ley  at  Redfield,  in  the  northwestern  part  of  the  county.  The  plant 
was  established  in  1898.  The  bricks  are  made  from  the  common 
yellow  surface  clay.  They  are  dried  in  the  sun  and  burned  in  an 
up-draft  kiln  of  50,000  capacity.  The  bricks  are  sufficiently  dried 
in  two  days  to  place  in  the  kiln,  and  are  burned  in  about  seven  days. 
Hard  wood  is  used  as  fuel,  about  one-half  cord  being  used  for  burn- 
ing a  thousand  bricks.  When  thoroughly  burned  the  shrinkage  in 
a  kiln  10  feet  high  is  about  6  inches.  The  daily  capacity  of  the 
machine  is  5,000  bricks. 

O'Neal  <k  Rogers  plant. — A  plant  has  recently  been  established  at 
Pine  Bliiff  by  Messrs.  O'Neal  &  Rogers,  but  no  particulars  concern- 
ing it  were  obtained. 
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JOHNSON  COUNTY. 

GENERAL  GEOLOGY. 

The  geology  of  Johnson  County  is  similar  in  its  broader  features 
to  that  of  Pope  County  to  the  east,  of  Franklin  on  the  west,  and  of 
Jjogan  on  the  south.  The  rocks  are  of  the  same  geologic  age,  but  there 
are  not  the  same  strong  contrasts  between  the  different  formations 
that  characterize  either  Pope  or  I^gan  counties.  The  rocks  are 
chiefly  sandstones,  shales,  and  coals.  The  lowest  rocks  in  the  coimty 
are  exposed  in  the  bottoms  of  the  narrow  valleys  of  the  northern 
part  of  the  coimty,  on  the  headwaters  of  Mulberry  River  and  of 
Little  Piney  Creek,  and  about  Fort  Douglas  on  Big  Piney  Creek. 
The  rocks  of  the  lofty  mountains  about  Melson,  Ozone,  and  Mount 
Levi,  although  they  are  much  higher  than  those  of  the  valleys  about 
them,  are  nevertheless  geologically  lower  than  the  coal-bearing  beds 
of  the  Arkansas  Valley  about  Clarksville  and  Coal  Hill. 

CLAY  DEPOSITS. 
CLAY   SHALES. 

The  clays  and  clay  shales  of  Johnson  County  that  are  likely  to  have 
economic  value  lie  along  the  line  of  the  Little  Rock  and  Fort  Smith 
Railway  and  along  or  near  Arkansas  River.  The  shales  of  other 
parts  of  the  county  are  just  as  good  intrinsically  as  those  near  trans- 
portation, but  owing  to  the  expense  of  getting  them  into  market 
they  are  necessarily  of  less  importance.  For  this  reason  but  little 
is  said  here  in  regard  to  the  clajrs  and  clay  shales  of  the  more  remote 
parts  of  the  county. 

The  Hartshome  sandstone  bed,  which  forms  Ouita  Ridge,  in  Pope 
County,  continues  westwanl  into  Johnson  County,  forming  the  broad 
riilge  east  and  north  of  Piney  station.  Those  same  sandstones  con- 
tinue northward  tlu'ough  the  eastern  section  of  R.  22  W.  South  of 
Arkansas  River  this  sandstone  forms  the  great  ridge  2  miles  due 
south  of  Piney  station.  The  Spadra  shale,  containing  the  Ouita  coal 
bed,  forms  a  narrow  trough  south  of  Piney  station.  This  trough 
widens  abruptly  toward  the  west  and  north,  so  that  the  Spadra  shale 
unilerlies  all  the  country'  west  of  Pinev  and  west  and  north  of  Knox- 
ville  for  8  miles  or  more.  These  same  shales  are  exposed  in  the  lower 
portions  of  the  hills  east  and  south  of  Clarksville,  along  the  valley  of 
Spatlra  Creek,  west  of  the  mouth  of  that  stream  to  Spadra  and  Mon- 
tana, about  the  base  of  Spadra  Hill,  at  Hart  man,  and  along  the  base 
of  the  liill  just  north  of  Hartman.  Thrvnighout  this  entire  area  of 
the  Spadra  shale  clay  shales  available  for  the  manufacture  of  paving 
bricks,  sewer  pil>e,  ami  iire-i^lay  ginnls  may  1h»  found,  and  at  many 
places  they  are  conveniently  exiH>soil. 
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These  shales  are  at  some  places  hard  and  at  others  are  soft  and 
plastic.  Where  they  have  not  been  exposed  long  or  favorably  they 
are  liable  to  be  hard.  In  places  they  are  disintegrated  to  a  depth 
varying  from  1  foot  to  10  feet.  Where  these  shales  are  soft  and 
plastic  they  may  be  used  without  grinding  for  the  manufacture  of 
fire  bricks,  stove  linings,  paving  bricks,  and  sewer  pipes.  If  the 
shale  is  not  soft  and  plastic  it  can  be  used  only  after  being  ground. 

The  clays  and  clay  shales  usually  accompanying  the  coal  beds  are 
liable  to  prove  valuable  as  fire  clays. 

The  clay  underlying  the  coal  at  the  Stiewell  mine  No.  2  at  Coal 
Hill  is  hard  and  shaly  when  freshly  mined  but  readily  breaks  up  under 
the  influence  of  the  weather.  When  burned  this  clay  becomes  white. 
Its  thickness  is  uncertain,  but  it  is  said  to  range  from  12  to  18  inches. 

At  the  AlUster  slope  at  Coal  Hill  the  flooring  is  said  to  be  a  hard 
black  shale,  but  no  definite  information  could  be  obtained  regarding 
its  thickness.  The  waste  material  brought  to  the  top  contains  a 
great  quantity  of  black  shale  with  plant  impressions. 

At  Payne's  mine  a  clay  from  4  to  6  inches  thick  underlies  the  coal. 
The  upper  half  inch  to  4  inches  is  a  soft,  dark  shale  and  the  lower 
1  to  2  inches  is  a  soft  yellow  clay. 

The  floor  of  the  Felker  mine  is  a  soft  shale,  sagger  clay.  It  is 
irregular  in  thickness,  but  averages  from  4  to  5  feet.  In  some  places 
in  the  mine  this  clay  overlies  the  coal  to  a  thickness  of  from  2  to  4 
inches. 

One  mile  northwest  of  Knoxville,  on  the  Little  Rock  and  Fort 
Smith  Railway,  the  railway  grade  cuts  a  promising-looking  exposure 
of  shales. 

At  Hartman  station  the  railway  has  exposed  the  shales  in  a  cut. 

In  sec.  32,  T.  10  N.,  R.  23  W.,  in  the  bank  of  the  stream  that  runs 
south  along  the  east  side  of  the  road  near  Clarksviile  College,  the 
following  section  is  exposed : 

Section  in  sec.  S2,  T.  10  JV.,  R.  23  E. 

Ft.    in. 

1.  Dark-brown  ehalo 2 

2.  Disintegrated  shale 1      4 

3.  Coal 1 

4.  Blue  and  snuff-colored  shales  (about) 15 

5.  Black  shales  at  the  base. 
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The  following  is  an  analysis  of  some  of  the  clay  produced  by  the 
disintegration  of  Nos.  1  and  2  of  the  above  section,  obtained  from 
ditch  at  W.  J.  James's,  in  the  southeast  comer  of  the  NW.  J  SE.  \ 
sec.  32,  T.  10  N.,  R.  23  W.: 

Analysis  of  distinUgraUd  shale  from  sec.  S2. 

[Brackett  &  Smith,  analysts.] 

SiUca  (SiOj) 55. 36 

Alumina  (AlaO,) 26. 96 

Ferric  oxide  {FejO^) 5. 12 

Lime  (CaO) 30 

Magnesia  (MgO) 1.16 

Potash  (K.p) • 2. 69 

Soda(Na20) L03 

Loss  on  ignition  (water) 7. 90 

100.52 
Water  at  110<>-115*>  C 3.90 

A  specimen  of  blue  clay  shale  overlying  a  2-inch  bed  of  coal  col- 
lected by  Mr.  William  Kennedy  northwest  of  Clarksville  in  the  SE.  J 
SW.  i  sec.  31,  T.  10  N.,  R.  23  W.,  has  been  analyzed  by  the  Arkansas 
Geological  Survey. 

Analysis  of  disintegrated  shale  from  stc.  SI, 

[Brackett  &  Smith,  analystn.) 
Silica  (SiOa) 51. 30 

Alumina  (AljOa) 24. 69 

Ferric  oxide  ( Fe203 ) 10. 57 

Lime  (CaO) 32 

Magnesia  (MgO) 63 

Potash  (K2O) 2. 18 

So<la  (NajO) 72 

IjOss  on  ignition  (water) 9. 11 

99.52 
Water  at  UQP-\  15°  (' 4. 92 

The  section  exposed  where  this  specimen  was  taken  by  Mr.  Kennedy 
is  given  below,  and  the  specimen  analyzed  was  from  No.  2  of  the 
series. 

Section  in  SE.  \  NW.  \  sec.  .it,  T.  JO  X.,  R.  2S  W. 

Ft.    in. 
1.  Waterworn  gravels 1 

J.  Blue  and  yellow  shales 8 

3 .  Coal 2 

4.  Blue  shales  with  red  streaks 4 

5.  Black  sliales  at  base  of  section. 

The  abundance  of  clays  and  clay  shale.s  in  Johnson  County  and 
their  proximity  to  good  coal  and  to  transportation  both  by  railway 
and  by  water  insure  facilitie.s  for  the  extensive  manufacture  of 
paving  bricks,  sewer  pipes,  and  fire-clay  products. 
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BRICK   CLAYS." 

So  far  as  the  Clarksville  brick  eartlis  are  concerned,  there  is  but 
one  bed  that  requires  attention.  Bricks  were  formerly  made  by 
W.  P.  Farrish  in  his  yard  north  of  the  town,  in  the  northeast  comer  of 
the  SW.  i  NW.  1  sec.  32,  T.  10  N.,  R.  23  W.  These  appear  to  be 
good  sound  bricks  of  a  father  dark-gray  color,  very  similar  in  appear- 
ance to  the  bricks  made  at  Beebe  and  elsewhere  along  the  Iron 
Mountain  Railway.  They  hold  their  color  well,  for  bricks  used  in 
buildings  erected  in  Clarksville  as  long  ago  as  1878  still  have  a  good 
color.  The  material  from  which  these  bricks  were  made  is  not  very 
plentiful  nor  of  a  great  extent,  being  confined  principally  to  the  flat 
tops  of  a  few  ridges.  It  is  underlain  by  a  lighter-colored  earth  con- 
taining great  quantities  of  iron  in  the  form  of  nodules  ranging  in  size 
from  that  of  a  pea  down  to  that  of  bird  shot.  This  underlying 
material,  although  of  excellent  quality  for  making  hard,  blue  bricks, 
can  not  be  worked  by  hand  in  the  same  way  as  the  upper  clays.  The 
iron  nodules  are  so  small  that  the  ordinary  mill  or  wheel  will  not 
crush  them.  They  slip  through  the  tempering  untouched,  and, 
although  not  very  hard,  have  a  tendency  to  tear  the  hands  of  the 
inolder.  Before  this  clay  can  be  utilized  it  must  be  tempered  by 
being  passed  through  rollers  set  sufficiently  close  to  crush  the  nodules 
completely.  The  clay  must  afterward  be  thoroughly  mixed  so  as  to 
di^eminate  the  crushed  iron  throughout  the  mass,  and  thus  to 
bring  the  whole  to  a  uniform  consistency  and  color.  The  bricks  can 
then  be  formed  either  by  hand  molding  or  by  machine.  This  clay, 
how^ever,  could  be  worked  better  by  machine  than  by  hand,  and  if 
such  a  tempering  machine  as  the  one  here  suggested  were  used  an 
extensive  area  covered  by  this  ** buckshot"  clay  close  to  Clarksville 
station  could  be  utilized  for  brickmaking. 

No  bricks  have  been  made  at  Coal  Hill  and  very  few  are  used  for 
any  purpose,  building  stone  being  generally  employed  for  chimneys 
or  other  mason  work. 

In  the  vicinity  of  Coal  Hill  an  area  comprising  the  NE.  J  S.  J  sec.  20, 
the  greater  portion  of  sec.  21,  the  SE.  }  and  part  of  the  SW.  J  sec.  19, 
and  parts  of  sees.  28,  29,  and  30,  T.  9  N.,  R.  25  W.,  are  covered  by  a 
light  brownish-yellow  clay  averaging  about  2  feet  in  thickness.  This 
clay  contains  nodules  of  iron,  some  of  which  are  soft  enough  to  be 
crushed  between  the  fingers,  and  also  a  quantity  of  small  sandstone 
pebbles.  This  clay  rests  upon  soft,  friable  argillaceous  shales  having 
a  light-gray,  almost  white  color,  streaked  with  black  and  red.  The 
lowest  shales  exposed  are  black  and  friable. 

Overlying  the  light  brownish-yellow  clay  there  are  in  places  patches 
or  rolls  of  a  brown  sandy  loam  suitable  for  molding  sand.     These 

•  Moct  of  ttae  notes  on  tho  brick  nlay8  of  Jnhnfion  County  am  by  William  Konncily. 
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patches,  however,  are  not  very  thick  nor  of  great  extent.     Then* 
longer  axes  generally  have  a  north-south  direction. 

The  following  section  shows  the  relation  of  the  clays  and  shales  of 
low  grounds  about  Coal  Hill: 

Section  near  Coal  HUl. 

Feet. 

Brown  sandy  loam 1 

Brownish-yellow  clay  with  iron  nodules  and  small  sandstone  pebbles.  2 

Shales  with  iron-stained  streaks 4 

Black  shales  at  base. 

No  establishments  engaged  in  the  manufacture  of  clay  products  in 
Johnson  County  are  at  present  reported. 

IxA^FAYETTE  COUNTY, 

Lafayette  County  lies  almost  wholly  in  the  alluvial  plain  of  Red 
River.  The  geology  of  these  alluvial  lands  is  as  a  rule  less  interesting 
than  that  of  the  higher  country  east  and  west.  There  is,  however,  a 
strip  6  or  8  miles  wide  running  along  the  extreme  eastern  border  of 
the  county  that  has  the  same  geology  as  Columbia  and  southern 
Hempstead  counties,  and  in  this  region  the  Tertiary  clays  are  likely 
to  be  found.  In  the  vicinity  of  New  Lewisville  the  cuts  along  the 
railroad  expose  no  clay  beds  that  appear  to  be  of  importance.  Near 
Bradley  station  a  well  put  down  on  the  land  of  H.  Smith,  in  the  NW.  \ 
sec.  13,  T.  19  S.,  R.  25  W.,  has  the  following  record: 

Section  near  Bradley  station. 

Feet. 

Soil  and  sand 18 

Red  clay 9 

Sand 10 

About  Walnut  Hills  are  massive  beds  of  red  sand,  but  no  clay  beds 
were  observed  except  bright-red  ones.  In  the  lowlands  along  Red 
River  many  local  pockets  of  leached  pottery  clays  and  extensive  beds 
of  good  brick  clays  may  be  found. 

There  are  no  industries  of  any  kind  in  the  county  engaged  in  the 
manufacture  of  clay  products. 

LAWRENCE  COUNTY. 

GENERAL  GEOLOGY. 

Black  River  marks  the  boundary  between  the  Paleozoic  and 
Quaternary  deposits  of  Lawrence  County.  The  Quaternary  area  is 
a  level  plain  having  a  maximum  elevation  of  about  280  feet  and  a 
minimum  of  about  250  feet. 

The  streams  all  flow  southwestward,  roughly  parallel  to  Black 
River,  and  narrow  clay  flats  lie  between  the  streams  and  the  river. 
The  soil  adjacent  to  the  streams  is  of  alluvial  origin,  covering  areas 


LAWRENCE    COUNTY.  125 

from  1  to  3  miles  wide  on  both  sides  of  the  streams.  The  interstream 
area  is  a  yellow  hardpan  or  clay.  In  the  lower  lands  the  clay  has 
become  leached,  leaving  the  surface  material  a  lifeless  buckahotty  clay 
land  known  as  "glades.''  The  soil  is  very  poor  and  but  little  of  it  is 
under  cultivation.  Water  stands  on  some  parts  of  this  land  for 
several  months  of  the  year.  The  character  of  the  strata  found  at 
Walnut  Ridge  is  shown  in  the  following  well  record  at  that  place: 

Well  record  at  WalniU  Ridge. 

Feet. 

Yellow  to  white  clay 16 

Fine  sand 4 

Hardpan  similar  to  surface  stratum 6 

Fine  black  sand 5 

Red  sand,  coarse 5 

Coarse  sand  and  gravel  down  to  65  to  70  feet. 

The  white  clay  land  extends  eastward  from  Walnut  Ridge  to  Sedg- 
wick, on  Cache  River.  The  country  to  a  line  within  3  or  4  miles  of 
Cache  River,  is  marked  by  a  rolling  surface,  with  an  occasional 
abandoned  water  channel. 

The  following  is  the  general  record  of  the  strata  in  wells  at  Sedgwick: 

General  section  of  wells  in  Sedgwick. 

Feet. 

Soil  and  clay 3-  6 

Hardpan Z-  5 

Black  sand,  water  bearing 2^50 

Hardpan  or  clay 2-  3 

White  sand,  water  bearing,  to  65  feet. 

Just  east  of  Sedgwick  there  is  an  area  of  lowland  depressed  6  to  10 
feet  below  the  general  level,  marking  the  present  limits  of  Cache 
River  bottom,  which  is  about  1  mile  wide. 

West  of  Walnut  Ridge  the  coimtry  is  mostly  sandy,  except  the 
clay  ridge  on  which  Portia  is  situated,  but  over  all  the  sandy  region 
the  older  clay  loam  appears  at  the  sm^ace  in  places  and  forms  the 
subsoil  beneath  the  alluvial  sand. 

The  following  is  a  section  of  the  strata  in  the  east  bank  of  Black 
River,  at  Cloverbend,  about  9  miles  south  of  Powhatan: 

Section  in  hank  of  Black  River  at  Cloverbend. 

White  buckshot  clay,  very  hard  when  dry 3 

Reddish  tinted  clay,  very  hard  when  dry,  becoming  naiidy  at  baso.  3 

Reddish  stratified  sand,  rather  fine 3 

Light-colored  gray  sand,  stratified ;  coarser  than  tlie  above 3 

The  sand  is  said  to  extend  down  to  a  depth  of  at  least  50  feet  below 
the  surface. 

The  country  west  of  Black  River  rises  200  feet  or  more  above  the 
bottom  lands  east  of  the  river.     The  rocks  belong  to  Canibro-Ordo- 
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vician  series,  and  are  composed  of  heavy-bedded,  dark-colored  lime- 
stone and  of  sandstone  which  is  doubtless  the  equivalent  of  the  St. 
Peter  sandstone  in.  southwest  Wisconsin  and  Missouri. 

CLAY  INDUSTRY. 

In  Lawrence  County  there  is  but  one  plant  in  the  Quaternary  area 
that  is  engaged  in  the  manufacture  of  clay  products.  This  is  Moore 
&  Co.'s  brick  plant  at  Walnut  Ridge,  where  common  soft-mud  bricks 
are  made. 

The  surface  white  clay,  to  a  depth  of  6  feet,  is  used  for  making  the 
bricks.  The  clay  is  tempered  and  molded  in  a  Monarch  pug  mill, 
dried  in  covered  racks,  and  burned  in  up-draft  kilns.  It  requires 
three  to  four  days  for  drying  and  ten  to  twelve  days  for  burning.  A 
light  fire  is  kept  under  the  bricks  for  five  to  six  days,  and  a  hot  fire 
for  about  the  same  length  of  time.  Wood  is  used  exclusively  for 
fuel.  The  bricks  are  dried  and  burned  without  checking.  Wlieel- 
barrows  are  used  to  convey  the  green  bricks  from  the  molds  to  the 
racks  and  the  dried  bricks  from  the  racks  to  the  kilns  The  bricks 
have  a  shrinkage  of  about  one-eighth  of  their  volume.  The  output  of 
the  plant  is  about  1,500,000  bricks  per  annum.  The  market  for  the 
bricks  is  Walnut  Ridge  and  the  surrounding  toi^*ns. 

There  are  two  common  mud-brick  plants  in  the  hard-rock  district, 
one  at  Black  Rock  and  the  other  at  Imboden.  The  clay  used  at 
Black  Rock  is  the  yellow  or  reddish  clay,  doubtless  of  the  same  age 
as  the  yellow  loam  that  occurs  on  top  of  Crowleys  Ridge.  The  plant 
at  Imboden  uses  the  residual  clav  of  the  older  rocks. 

LEE  COUNTY. 

GENERAL  GEOLOGY. 

Lee  Coimty  is  crossed  near  its  center  by  Crowleys  Ridge,  which 
extends  in  a  north-south  direction.  In  the  northern  part  of  the 
county  L'Anguille  River  has  cut  through  Crowleys  Ridge  and  joins 
St.  Fnmcis  River  about  6  miles  southeast  of  Marianna.  XorUi  of 
this  L'Anguille  River  flows  in  the  flat  lands  on  the  west  side  of  the 
ridge  and  parallel  to  it.  The  etistem  portion  of  the  county  is  low 
lH>ttoni  land,  largely  built  up  of  deposits  of  St.  Francis  and  Missis- 
sippi rivers. 

The  tA-|>ical  calcareous  loess  forms  the  top  and  sides  of  Crowleys 
Ridgo  in  Lee  County.  On  the  lower  sloi>es  on  the  west  side  of  the 
ridge  there  is  a  kind  of  terrace  or  sei^ond  Ixntoni  wliich  is  several  feet 
higher  than  the  flat,  wet  lands  fartlier  west.  This  terrace  is  very 
regular  in  elevation  and  extends  entirely  along  the  foin  of  the  ridge 
except  where  it  has  Ihh^u  out  away  by  streams,  Tlie  sinl  of  this  see- 
oml  lx>ttom  or  Inmoh  is  a  light  Imnvn  or  yellow  K>am,  the  reworked 
prinluct  of  the  Kh>ss,  and  is  well  adapttnl  to  the  manufactui^  of  bricks. 
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The  country  between  Marianna  and  the  Lonoke  County  line  is  a 
rolling  plain  cut  into  north-south  ridges,  with  low,  wooded  depres- 
sions. The  siu*face  of  many  of  these  low  ridges  is  a  clay  loam  similar 
to  the  surface  material  on  the  terrace  adjacent  to  Crowleys  Ridge. 

CLAY  DEPOSITS. 

Only  one  analysis  has  been  made  of  the  surface  clays  of  Lee  County, 
the  sample  being  a  reworked  product  of  loess  foimd  at  the  foot  of 
Crowleys  Ridge  at  Marianna.  The  bricks  made  from  this  clay  are 
of  a  deep-red  color,  and  form  a  good,  strong  building  brick. 

Analysis  of  reworked  kntss  soilfrovi  near  Marianna,  in  sec.  ^4,  T.  ^  N.,  H.  3  E. 

[Dried  at  110O-115°('.    R.  N.  Brackett,  analyst.] 
Silica  (SiOa) 75.46 

Alumina  (AtjOs) 10. 29 

Ferric  oxide  (FejO,) 7.07 

Lime(CaO) 1.00 

Magnesia  (MgO) 1.36 

Potaah  (KaO) 74 

Soda(NaaO) 82 

Phoephoric  acid  (PjOj) 30 

Lo88  on  ignition 3. 18 

100.22 
Air-dried  sand 72. 40 

This  material  is  of  chocolate-brown  color  and  fills  the  bottoms  and 
ravines  of  the  region  east  of  Marianna.  It  seems  to  be  a  rearranged 
and  highly  ferruginous  variety  of  loess,  agreeing  with  ordinary  loess 
in  all  other  particulars. 

CLAY  INDUSTRY. 

A  plant  for  the  manufacture  of  common  building  brick  was  estab- 
lished in  Marianna  about  1890.  It  is  at  present  run  by  O.  C.  Sutton 
&  Co.  The  bricks  are  made  from  the  red  siu^ace  clay.  The  clay  is 
tempered  and  molded  in  a  steam  machine  having  a  capacity  of  25,000 
to  30,000  bricks  a  day.  The  bricks  are  dried  by  the  rack  and  pallet 
system,  in  covered  sheds.  It  requires  about  seven  days  to  dry  the 
bricks  sufficiently  for  setting  in  the  kilns.  Wood  is  the  fuel  and  the 
bricks  are  burned  about  nine  days.  Three  up-draft  clamp  kilns  are 
used.  About  half  a  cord  of  wood  is  consumed  in  burning  a  thousand 
The  size  of  the  bricks  is  8f  by  4^  by  2}. 
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LOGAN  COUNTY. 

GENERAL  GEOLOGY. 

The  nxiks  of  the  northern  half  of  Logan  County  belong  to  the 
upper  coal-producing  part  of  the  Carboniferous,  while  those  of  the 
southern  half  of  the  county,  except  the  top  of  Magazine  Mountain, 
lie  below  the  coal.  The  general  geology  of  the  county  is  like  that 
of  Sebastian,  Franklin,  Johnson,  and  Pope  counties,  and  the  clays 
and  clay  shales  are  verv  similar  to  if  not  identical  with  those  of  the 
counties  named. 

CLAY  DEPOSITS. 
CLASSES   OF   CLAYS. 

For  convenience  of  presentation  the  clavs  of  the  coimtv  mav  be 
classified  as  follows: 

1.  Carboniferous  clavs  and  clav  shales  associated  with  the  coal 
and  interbedded  with  the  hard  rocks. 

2.  Buckshot  clays  or  brick  loams,  found  in  the  uplands. 

3.  Terrace  or  second-bottom  clays,  found  along  Arkansas  River. 

4.  River-bottom  clays  of  the  flood  plains  of  the  large  streams. 
These  will  be  taken  up  in  the  order  in  which  they  are  enumerated. 

CARBOXIFEROrS   CLAYS   AND   SHALES. 

Many  of  the  clays  associateil  Tiiih  the  coal  beds  of  Logan  County 
are  fire  clays.  Some  of  these  beils  are  only  a  few  inches  thick  and 
of  limited  areal  distribution,  but  it  is  to  be  expected  that  many  fire- 
clav  beils  of  workable  thickness  \i-ill  be  found  associated  wiUi  the 
coal.  Such  clays  underlie  the  coal  in  the  XE.  }  XE.  J  sec-  10, 
T.  7  N..  R.  26  W.,  at  the  coal  oj>eninir  of  11.  M.  Nichob.  This  clay 
is  soft,  dark  blue,  streakeil  i^-ith  yellow,  and  only  from  6  to  8  inches 
thick.  The  miners  report  that  it  is  not  a  constant  bed.  At  Wall's 
slope,  in  the  XE.  J  XW.  J  sec.  15,  T.  7  X..  R.  26  W.,  a  similar  clay 
lies  beneath  the  coal  bed,  but  the  mine  Iviiig  full  of  vrater,  its  thick- 
ness was  not  determineil. 

On  the  north  side  of  the  XW.  \  XE.  \  see.  34.  T.  S  X.,  R.  26  W., 
two  Kxls  of  clay  are  exposeil  in  the  channel  of  a  small  stream.  The 
up{HT  beil  is  a  dark-bnnvn  clay  alnnii  3  ftvt  thick:  the  lower  bed 
is  of  a  lisrhter  yellowish  coK^r.  ("^nly  aKnit  a  fixn  of  the  lower  bed 
is  oxpi>sed.  but  it  is  prv>baWy  not  loss  than  7  or  S  feet  thick.  The 
lower  bed  is  said  to  have  Ixvn  usevl  as  a  tire  clay.  A  sample  of  this 
lower  bevl  has  been  analyMnl: 
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AruUygis  of  clay  from  sec.  34  y  T.  S  X.,  R.  26  W. 

[Brackctt  &  Smith,  analysts.] 

Silica  (SiOz) 88.66 

Alumina  (AI3O3) 5. 73 

Ferric  oxide  (FcjOa) 2. 65 

Lime  ((^O) Trace. 

Magnesia  (MgO) Trace. 

Potash  and  soda  (KjO,  NaaO) 81 

Loss  on  ignition.  ^ 2.  25 

100.00 

Water  at  110^-115*'  C 1. 33 

Sand  in  clay  dried  at  110*»-115*>C 17. 94 

i 
Clays  of  this  class  are  widely  distributed  over  Logan  County,  and 

these  examples  do  not  fairiy  represent  them  either  in  thickness  or 

importance.     The  Carboniferous   clay   shales   are   so   abimdant,  so 

thick,  and  so  widespread  in  Logan  County  that  only  a  few  typical 

areas  will  be  mentioned. 

In  the  southwest  comer  of  the  coimty  the  line  between  Logan 
and  Scott  counties  crosses  Jennings  Hill.  The  alternate  series  of 
sandstones  and  shales  forming  this  liill  is  described  under  the  head- 
ing **Scott  County."  The  same  beds  extend  from  Jennings  Hill 
toward  Booneville,  a  distance  of  5  miles.  The  most  important 
shale  of  this  group  underlies  the  town  of  Belva,  in  Scott  County, 
but  it  crosses  into  Logan  Coimty  in  the  NW.  }  sec.  30,  T.  5  N., 
R.  28  W.,  runs  northeastward  for  5  miles,  and  swings  westward 
along  the  valley  of  Petit  Jean  Creek.  This  shale  is  200  to  400  feet 
thick  at  Belva.  Below  this  shale  are  two  beds  of  sandstone  and 
a  thinner  bed  of  shale,  folldwe<l  below  by  a  thicker  becl  of  shale. 

A  thick  deposit  of  shale  near  the  top  of  the  Atoka  formation 
covers  a  large  area  in  Logan  County  and  extends  also  into  the  adja- 
cent counties  both  east  and  west.  It  ranges  in  thickness  from  400 
to  nearly  or  quite  2,000  feet.  It  is  generally  of  dark  color,  and 
although  it  is  usually  a  clay  shale  it  is  at  some  places  sandy.  Start- 
ing in  the  southwest  corner  of  the  county  near  Golden  City,  this 
shale  and  its  accompanying  beds  of  coal  form  the  surface  rock  along 
the  upper  parts  of  the  valley  of  Brashy  Branch  and  extend  down 
Fletcher  Creek  toward  the  town  of  Booneville,  and  thence  down 
the  v^ley  of  Petit  Jean  Creek  to  Magazine.  West  of  Booneville 
the  same  shale  runs  through  the  northern  tier  of  sections  in  T.  5  N., 
R.  28  W.,  to  Barber  post-office.  East  of  the  town  of  Magazine 
the  outcrop  of  this  shale  divides,  one  arm  of  it  passing  south  of 
Magazine  Mountain  and  underlying  the  northern  part  of  the  north- 
em  tier  of  sections  across  T.  5  N.,  R.  25  W.,  and  the  southern  tier 
of  the  township  just  north  of  it.     The  same  shale  lies  along  the 
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south  base  of  the  range  of  mountains  connecting  Magazine  Moun- 
tain with  Mount  Nebo  in  Yell  County.  Northeast  of  the  town  of 
Magazine  these  shale  beds  run  northeastward  for  about  7  niiles 
and  then  bend  abruptly  westward  to  the  gap  between  Brushy  Moun- 
tain and  Calico  Mountain.  From  this  point  they  extend  both  east 
and  west,  with  narrower  outcrops.  The  outcrop  to  the  east  extends 
around  the  north  base  of  Magazine  Mountain  and  then  aroimd  the 
base  of  Huckleberry  Moimtain,  Three  Knob  Mountain,  Spring 
Mountain,  and  Moimt  Nebo.  Where  the  shale  beds  run  around 
the  north  sides  of  the  bases  of  these  mountains  they  are  either 
nearly  horizontal  or  have  a  gentle  southward  dip  and  pass  beneath 
the  mountains,  to  appear  again  to  the  south  of  them.  North  ©f 
the  mountains  the  rocks  are  folded,  passing  over  an  anticline  and 
then  dipping  northward.  The  shale  therefore  appears  again  north 
of  the  anticlinal  fold  across  the  entire  east-west  length  of  Logan 
Coimtv. 

Starting  in  Yell  County  northeast  of  Mount  Nebo  the  same  shale 
underlies  Danlanelle  Ridge  and  extends  along  the  south  side  of  its 
western  continuation  in  Pine  Ridge  as  far  as  Wildcat  Mountain, 
around  which  it  passes,  and  nms  along  the  north  side  of  Brushy 
Mountain  until  it  joins  the  outcrop  in  the  gap  east  of  Brushy  Moun- 
tain. Another  area  of  this  shale  lies  between  the  village  of  Prairie 
View  and  Shoal  Creek  Ridge,  in  T.  8  N.,  R.  24  W.  It  is  only  about 
5  miles  long  and  less  than  2  miles  wide.  The  length  of  the  outcrop 
of  this  great  body  of  shale  in  Logan  County  thus  aggregates  fully 
150  miles. 

In  Logan  County  there  is  a  shale  associated  with  the  coal  found 
ne^r  Blaine  'ppst-office  and  the  village  of  Shoal  Creek  and  extending 
thence  eastward  in  Yell  County.  This  same  shale  horizon  runs  along 
the  south  side  of  Snake  Ridge'in  T.  8  X.,  R.  24  W. 

The  shales  in  the  rolling  countrj^  at  Paris  and  farther  west,  to 
the  county  line  as  well  as  farther  east,  about  Spielersville  and  Ells- 
worth, and  farther  north,  to  Roseville,  belong  to  an  overlying  series 
of  rocks  associated  with  the  upper  coal  beds.  On  the  south  side 
of  Short  Mountain  these  shales  and  the  coal  dip  northward  and 
pass  completely  beneath  that  mountain,  rising  to  the  surface  again 
on  the  north  side.  On  the  sides  of  Short  Mountain  thick  beds  of 
shales  are  exposed.  The  geology  of  Little  Short  Mountain  is  the 
same  as  that  of  Short  Moimtain.  The  rocks  pass  beneath  it,  so 
that  these  two  mountains  stand  in  svnclinal  folds,  whose  beds  are 
largely  composed  of  clay  shales. 

It  is  evident  that  the  Carboniferous  clay  shales  cover  an  enor- 
mous area  in  Logan  County.  Unfortunately,  no  practical  tests 
have  been  made  of  these  shales,  but  in  so  far  as  the  appearance 
of  the  materials  can  be  depended  upon  they  are  almost  everywhere 
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available  for  the  manufacture  of  paving  brick,  sewer  pipe,  and 
common  earthenware,  while  many  of  them  are  true  fire  clays.  With 
the  exception  already  mentioned  (pp.  128-129)  no  chemical  analyses 
have  been  made  of  these  clays.  The  analysis  made,  however,  bears 
out  the  theory  that  the  clays  are  workable,  although  they  are  not 
now  utilized. 

BUCKSHOT  OR   PRAIRIE    CLAYS. 

The  clays  found  in  the  prairies  are  chiefly  the  altered  edges  of  the 
shale  outcrops.  These  clays  have  been  used  for  the  manufacture  of 
building  bricks,  but  the  small  iron  nodules  scattered  through  them 
cause  the  bricks  to  bum  dark  brown  or  spotted.  The  bricks  are 
almost  invariably  strong  and  exceedingly  durable,  but  they  have 
not  an  attractive  color. 

In  the  neighborhood  of  Paris  the  clays  are  principally  prairie 
soils,  disintegrated  blue  shales,  and  the  shales  and  clays  associated 
with  coal  beds.  Probably  the  most  extensive  of  the  prairie  clay 
deposits  is  that  of  Hegwood  Prairie.  In  the  E.  i  SE.  J  sec.  1,  T.  7 
N.,  R.  26  W.,  this  prairie  soil  is  yellow,  contains  a  considerable  quan- 
tity of  iron  nodules,  and  has  an  average  depth  of  2i  feet.  In  the 
NW.  J  SE.  J  sec.  1,  T.  7  N.,  R.  26  W.,  a  well  21  feet  deep  passes 
through  yellow  prairie  soil  3  feet  thick,  which  rests  immediately 
on  blue  argillaceous  shales  of  the  coal-bearing  rocks.  In  the  NE.  J 
sec.  11  and  NW.  J  sec.  12  of  the  same  township  and  range  the  yellow 
soil  is  somewhat  deeper,  but  its  general  characteristics  are  the  same. 
In  the  SW.  \  SW.  J  sec.  6  and  the  NW.  {  NW.  {  sec.  7,  T.  7  N.,  R.  25  W., 
brick  earths  of  the  same  yellow  color  are  found,  having  an  average 
depth  of  3  feet.  On  the  road  along  the  south  base  of  Short  Moun- 
tain and  in  the  SW.  J  sec.  3,  T.  7  N.,  R.  26  W.,  the  blue  shales 
appear  in  several  places  in  a  ditch  on  the  south  side  of  the  road. 
These  shales  are  4  feet  thick  and  are  completely  disintegrated  where 
exposed.  Similar  clays  occur  in  the  valley  about  Booneville,  in  the 
upper  bottoms  of  Sugar  Creek,  Petit  Jean  Creek,  Revilee  Creek, 
Shoal  Creek,  and  other  streams.  None  of  these  are  utilized  in  Logan 
County. 

TERRACE   CLAYS   ALONG  ARKANSAS   RIVER. 

Clays  similar  to  those  found  in  the  river  terraces  near  Arkansas 
River  at  Fort  Smith  and  at  Argenta  occur  along  the  south  side  of 
Arkansas  River  in  Logan  County.  These  clays  are  generally  sandy 
and  of  a  reddish  color,  but  wherever  they  have  been  tried  they  have 
been  found  available  for  the  manufacture  of  fairly  good  building 
bricks.  From  Roseville  a  band  of  this  red  sandy  clay  forming  a 
terrace  or  second  bottom  winds  about  the  foothills  south  of  the  river 
bottoms.    This  terrace  is  crossed  by  the  Roseville-Paris  road  just 
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south  of  Short  Mountain  Creek.     The  clay  of  this  terrace  is  similar 
to  that  at  Argenta. 

Chocolate-colored  plastic  clays  are  associated  with  these  terrace 
clays.     Thus  far  no  use  has  been  found  for  these  chocolate  clays. 

RIVER-BOTTOM   CLAYS. 

The  clays  of  the  Arkansas  River  bottoms  are  pockety  and  of 
uncertain  distribution.  They  are  not  likely  to  be  of  economic 
importance,  though  some  of  the  lenticular  masses  may  occasionally 
contain  pottery  clays. 

liONOKE  COUNTY. 

GENERAL  GEOLOGY. 

Most  of  Lonoke  County  Ues  within  the  Quatemaiy  area  of  the 
State.  The  country  is  so  flat  and  unbroken  that  there  are  almost 
no  natural  exposures  of  the  rocks  east  of  the  St.  Louis,  Iron  Moun- 
tain and  Southern  Railway.  The  extreme  northwest  comer  of  the 
county  is  in  the  lower  Carboniferous  (Mississippian).  This  includes, 
however,  only  the  part  of  the  county  lying  west  of  the  St.  Louis, 
Iron  Mountain  and  Southern  Railway,  an  area  of  only  55  square 
miles.  The  geology  in  this  Paleozoic  comer  is  an  eastward  con- 
tinuation of  that  of  Faulkner  County.  The  same  beds  that  outcrop 
in  the  southeast  comer  of  Faulkner  County  pass  through  the  Paleozoic 
part  of  Lonoke  County  to  a  point  where  they  are  overlapped  by  the 
Coastal  Plain  beds  near  the  present  location  of  the  St.  Louis,  Iron 
Mountain  and  Southern  Railway.  The  rocks  of  the  lower  Carbon- 
iferous here  consist  of  alternate  beds  of  sanilstone  and  shales,  all  of 
them  folded.  The  ridges  through  this  region  are  usually  of  sand- 
stone and  run  almost  due  east  and  west.  The  shales  are  parallel 
with  the  sandstones  and  occupy  nearly  all  of  the  valleys,  and  in 
many  instances  they  also  form  the  lower  slopes  of  the  ridges. 

The  Bayou  Meto  anticUne,  starting  between  Preston  and  May- 
flower, in  Faulkner  County,  runs  due  east  toward  the  town  of 
Austin,  Lonoke  County,  passing  through  the  northern  tier  of  sec- 
tions of  T.  4  N.,  R.  10  W.  North  of  this  anticline  as  far  as  Cypress 
Bayou  the  rocks  all  dip  northward,  and  south  of  it  they  all  dip  south- 
ward as  far  as  the  Cato  syncline,  which  passes  through  sec.  30,  T.  4 
N.,  R.  10  W.  These  dips  of  the  rocks  should  be  home  in  mind  in 
any  attempt  to  utihze  the  clay  shales  of  this  area. 

CLAY  DEPOSITS. 

The  clay  shales,  like  those  of  other  parts  of  the  State,  vary  con. 
siderably  in  character.  Some  of  them  are  so  sandy  that  it  is  difficult 
to  determine  whether  they  should  be  considered  clayey  sandstones 
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or  sandy  shales;  others  contain  but  little  sand,  and  are  sufficiently 
refractory  to  be  regarded  as  fire  clays.  The  shales  are  in  places 
decomposed  along  their  outcrops,  but  for  the  most  part  they  are  too 
hard  to  be  pugged  as  they  come  from  the  ground.  Analysis  of  some 
of  these  shales  shows  them  to  be  suitable  for  the  manufacture  of 
paving  brick,  sewer  pipe,  fire  bricks,  or  other  refractory  goods,  but 
they  will  require  to  be  pulverized. 

The  character  and  thickness  of  these  shales,  their  proximity  to 
the  railroad,  and  the  topography  of  the  region  are  all  favorable  to 
the  development  of  important  clay  industries  in  this  section  of 
Lonoke  County. 

In  addition  to  the  shales  there  are  widespread  beds  of  loam  over 
the  slashes  or  bottoms  of  Cypress  Bayou,  Magness  Creek,  and  Wat- 
tensas  Bayou.  The  loams  are  well  adapted  to  the  manufacture  of 
common  building  bricks.  In  places  they  contain  some  buckshot 
clays,  and  are  therefore  not  suitable  for  making  high-grade  finishing 
bricks.  The  bands  of  buckshot  or  iron  nodules  occur  here  and  there 
at  a  depth  of  from  1  to  4  feet  from  the  surface. 

The  wells  at  Austin  and  Cabot  penetrate  fossihferous  Cretaceous 
sediments,  which  outcrop  in  a  few  places  west  of  these  towns. 

What  has  been  said  of  the  Beebe,  Kensett,  and  West  Point  clays 
of  White  County  is  generally  appUcable  to  the  clays  along  the  rail- 
road at  and  near  Holland,  Cabot,  Austin,  and  Ward. 

Two  wells  near  Cabot  show  the  presence  of  the  Ught-colored  clay. 

At  Neeley  &  Neeley's  gin  house  in  the  village  of  Cabot  a  well  116 
feet  deep  has  the  following  section : 

Section  in  well  at  Neeley  6c  Neeley* »  gin  hoiisej  Cabot. 

Feet. 

Red  and  sandy  clays 39 

Calcareous  clay  (Cretaceous) 1 

Marl  (Cretaceous) 6 

Carboniferous  shale  to  the  bottom  of  the  wc^ll 70 

116 

A  well  near  the  center  of  the  NE.  }  SW.  J  sec.  25,  T.  4  N.,  R.  10  W., 
passes  through  the  following  beds: 

Section  in  well  in  sec.  25,  T.  4  N,  R.  10  W. 

Feet. 

8oU 2 

Red  clay 10 

Sandy  day 16 

Calcareous  clay  (Cretaceous) 1 

Marl  (Cretaceous) 8 

Carbonileiious  shale  at  bottom.  

37 

The  clay  here  marked  '*  red  clay  ''is  mottled  red  and  gray,  resembling 
very  closely  that  underlying  the  low  Quaternary  country  at  different 
places. 
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The  average  well  section  at  Lonoke,  as  reported  by  J.  C.  England, 
is  as  follows,  the  section  being  that  of  an  open  well: 

Average  section  in  wells  at  Lonoke. 

«  Feet. 

Red  clay 5-6 

WTiiie  clay  grading  into  sand 5-  6 

Bluish,  mucky,  sticky  clay. 

Quicksand,  all  the  way  from 30-45 

Tough  clay. 

Wells  that  reach  to  a  depth  of  70  to  80  feet  get  into  gravel.  A 
specimen  of  this  gravel  was  brought  to  the  office  of  the  Arkansas 
Survey.  It  is  composed  mainly  or  entirely  of  waterwom  chert  peb- 
bles, about  the  size  of  a  hazelnut,  and  coarse  quartz  sand. 

The  average  depth  of  bored  wells  at  Lonoke  is  70  to  85  feet.     The 
deepest  well  reported  is  at  J.  C.  England's  place  and  is  107  feet  deep. 

CLAY  INDUSTRY. 

Chaplin  <t  England's  brickyard.— In  the  XE.  J  SW.  \  sec.  19,  T.  2 
X.,  R.  8  W.,  bricks  were  once  made  at  the  yard  of  J.  P.  Chaplin  and 
E.  W.  England  from  a  mixture  of  about  18  inches  of  the  top  yellowish 
prairie  soil  and  about  the  same  thickness  of  a  brown  iron-stained 
earth  unilerlying  the  prairie  soil.  The  bricks  are  hard  and  showed  a 
tenilenoy  to  melt  when  raised  to  a  high  temperature  in  the  kiln. 
Those  that  were  burned  hard  have  a  brown  color  and  are  very  much 
spi>tted  with  dark,  almost  black  marks.  In  bricks  burned  near  the 
center  of  the  kiln  the  color  is  a  dark  cherry  red,  the  spotting  is  not  so 
preeminent ,  and  in  many  of  the  bricks  the  spotting  is  not  visible  at  all. 
There  was  not  much  U>ss  on  account  of  breaking  in  the  burning.  The 
bricks  were  macliine  made. 

Harrison  Brick  ComjHiny. — Tliis  is  the  only  plant  now  in  operation 
in  the  to^'n  of  I^onoke.  It  is  quite  Ukely,  though  it  is  not  an  assured 
fact,  that  this  plant  is  the  successor  to  the  Chaplin  &  England  plant. 
The  Harrison  plant  was  established  in  UH)3.  and  is  en^ftged  in  the 
manufacture  of  common  building  brick.  It  has  an  output  of  25,000 
bricks  a  dav.  The  bricks  are  maile  from  the  reil  surface  clav,  molded 
in  a  steam  machine,  ilrieil  in  the  o|)en  air.  and  burned  in  up-draft 
clamp  kilns.  Wlien  the  weather  is  favorable  the  bricks  will  dry  suffi- 
ciently in  three  days  to  stanil  setting  in  the  kiln.  The  bricks  are 
burneil  with  wixnl.  About  eight  ilays  an*  required  to  complete  the 
burning.     Two  kilns  are  in  ust\  each  having  a  capacity  of  175,000. 

Wljlit's  phmt.  Then*  is  also  a  brick  plant  at  Cabot,  on  the  St. 
Iahus.  Inni  Mountain  anil  Southern  Kaihvay.  It  is  operated  by  I.  C. 
Wvhe.     No  further  particulars  concerning  this  plant  were  learned. 
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MILLER  COUNTY. 
GENERAL  GEOLOGY. 

Miller  County  is  entirely  within  the  Tertiary-Quaternary  area.  The 
beds  everywhere  penetrated  by  wells  are  Tertiary.  Some  of  them 
contain  marine  fossils  and  others  plant  remains.  Prof.  William 
Moseley,  at  one  time  teacher  at  Texarkana,  reports  that  a  fossil  palm 
was  found  in  a  well  near  Texarkana. 

CLAY  DEPOSITS. 

Over  the  flooded  regions  of  Miller  County  the  soils  are  in  some 
places  alluvial,  in  others  boggy  slashes,  and  in  others  buckshot  clays. 
The  clays  of  the  surface  slashes  are  at  many  places  leached  clear  of 
iron  by  the  action  of  organic  acids  and  carbonic  acid,  so  that  these 
clays  are  available  for  the  manufacture  of  the  coarser  grades  of  pot- 
tery. This  leaching,  however,  is  a  surface  phenomenon,  and  such 
clays  are  nowhere  more  than  3  or  4  feet  deep. 

The  nature  of  the  surface,  with  the  exceptions  just  mentioned,  has 
nothing  to  do  with  the  existence  or  nonexistence  of  pottery  clays  in 
the  stratified  beds  below.  The  presence  of  such  beds  is  seldom  indi- 
cated by  natural  agencies  in  a  flat  region,  where  erosion  is  ver}'^  slight, 
so  that  the  existence,  thickness,  and  character  of  clay  'beds  must 
usually  be  determined  by  testing  augers  or  pits,  by  digging  wells,  or 
by  other  artificial  means. 

The  higher  Tertiary  lands  about  Texarkana  occupy  T.  15  S.,  R.  28 
W.,  and  a  little  of  the  adjoining  territory.  It  is  within  this  area, 
and  principally  in  the  northern  tier  of  sections,  that  the  pottery  clays 
are  worked.  The  occurrence  of  these  clays  on  the  north  side  of  this 
higher  region  and  the  general  southeastern  dip  of  the  Tertiary  rocks 
of  this  area  suggest  that  the  pits  now  worked  are  at  or  near  the  north- 
em  outcrop  of  the  Tertiary  pottery  clays  and  that  these  same  beds 
dip  beneath  Texarkana.  At  what  depth  they  lie  beneath  that  city, 
however,  can  be  determined  only  by  ascertaining  the  dip  of  the  strata. 

Clay  is  obtained  in  a  series  of  small  openings  in  the  west  side  of  the 
SE.  \  sec.  5,  T.  15  S.,  R.  28  W. 

The  section  exposed  is  as  follows: 

Section  in  sec.  5,  T.  15  *S.,  R.  28  W. 

Feet. 

Iroo-Btained  sandy  clay 3 

Whitiah  blue  clay 5 

Yellowiah  sandy  clay  at  bottom. 

The  middle  bed  of  5  feet  is  a  pottery  and  fire-brick  clay.  The 
lower  yellow  sandy  clay  was  tried  for  brickmaking  purposes,  but 
owing  to  some  defect  in  the  work  rather  than  to  the  material  used  the 
attempt  was  unsuccessful. 
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The  clay  bums  to  a  solid  cream-colored  body.  It  admits  of  both  a 
salt  and  ''^Vlbany  slip''  glaze.  Fire  bricks  made  from  this  clay  are  of 
a  light  color. 

The  following  are  the  analyses  of  these  clays: 


Analyses  of  clays  from  sec.S^  T.  15  S.^  R.  t8  W, 
[Sample  dried  at  110*-115*  C] 


Silica  (SlOt) 

Alumina  (AltOO 

Ferric  oxide  (FejOi) 

Llme(CaO) 

Magnesia  (MgO) 

Potash  (KtO> 

Soda  (NaaO) 

Loss  (HsO) 


Sandy  clay 

at  the 

bottom. 


} 


7476 
ia.96 

8.44 
.51 

1.10 

2.28 
2.05 


White  clay 
used  for 
potter>'. 


Sand  in  air-dried  specimen. 
Water  at  110M15*  C 


loaoo 


3.  as 


75.99 

16.12 

1.35 

1.45 
5.09 


loaoo 

.75 
1.06 


CLAY  INDUSTRY. 

Kind  of  clay  used, — There  are  two  brick  plants  and  one  stoneware 
pottery  in  Miller  County.  The  clay  used  for  the  manufacture  of  fire 
brick  and  stoneware  comes  from  the  Tertiary  clays,  which  are  doubt- 
less of  the  same  age  as  those  used  at  the  Benton  pottery,  situated  in 
sec.  9,  T.  15  S.,  R.  28  W.  In  one  of  the  pits  clay  was  formerly  obtained 
for  the  manufacture  of  stoneware.  A  sample  of  clay  from  this  pit 
was  analyzed: 

Analysis  of  clay  from  sec.  9^  T.  Jo  S.,  R.  28  W. 

Silica  (SiO,) 74.86 

Alumina  ( ALOg) 17. 20 

Ferric  oxide  (FeaO^^ 1. 12 

Magnesia  i'SigQ) 1. 13 

I-,<>ss  on  ignition 6. 70 

100.00 

Sand  in  air-dried  specimen 3. 44 

Water  at  1 10°  -1 1 5°  C 1. 63 

TexarJcana  Brick  Comimny. — At  the  plant  of  the  Texarkana  Brick 
Company,  estahlisheil  in  1902,  dry-pressed  bricks  are  made  from  a 
somishale  or  clay.  These  bricks  are  molded  in  a  Boyd  dry-press 
macliine  and  burned  in  up-draf  t  clamp  kilns.  Five  kilns  are  in  use, 
each  of  which  is  23  by  59  bv  14  foot,  inside  measurements.  Wood 
and  oil  aro  usoil  for  burning.  Tho  bricks  are  wat^r^-smoked  for  about 
ton  (lays  without  wood  and  then  a  hot  fire  is  kept  up  for  about  ninety 
hours.  Oil  is  usod  for  niakint;  tho  hot  fire.  The  size  of  the  green 
bricks  is  S|  by  2^  by  4 1  inches.     Tho  bricks  have  a  shrinkage  of  about 
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oneHsixteenth  after  burning.  The  output  of  the  plant  is  20,000  bricks 
a  day. 

Steven  hrick  plant. — No  data  have  been  obtained  concerning  the 
brick  plant  of  Anthony  W.  Stevens,  located  in  Texarkana. 

IrUerstate  Pottery  Company, — The  plant  of  the  Interstate  Pottery 
Company  is  located  at  Texarkana.  The  clay  used  is  the  Eocene 
(Tertiary)  clay  similar  to  that  used  near  Benton  by  the  Eagle  Pottery 
Company.     Jugs,  chiums,  and  jars  are  made. 

MISSISSIPPI  COUNTY. 

Mississippi  Coimty  occupies  the  northeastern  comer  of  the  State 
and  is  bordered  by  Mississippi  River.  The  entire  county  is  low  and 
is  subject  to  overflow  by  the  river.  The  lowest  lands  are  covered 
with  water  throughout  the  year.  There  are  many  large  lakes  in  the 
southern,  western,  and  northern  portions  of  the  county.  Some  of 
these  lakes,  such  as  Big  Lake  and  Tyronza,  are  several  square  miles 
in  extent.  Levees  along  the  entire  Mississippi  front  are  necessary  to 
keep  out  the  flood  waters  in  the  spring  of  the  year.  The  highest  land 
in  the  county  is  along  Mississippi  River,  which  by  repeated  overflows 
has  deposited  its  greatest  load  on  lands  nearest  the  main  channel. 
The  westward  slope  of  the  country  is  shown  by  the  fact  that  many 
small  streams  head  near  Mississippi  River  and  flow  westward  and 
drain  into  Tyronza  River  and  Pemiscot  Bayou. 

Much  of  the  surface  of  the  county  is  composed  of  alluvial  deposits 
of  silt,  sand,  and  finely  divided  cIslj.  In  places,  however,  beneath 
the  alluvial  sand  there  is  a  yellow  clay  loam  which  greatly  resembles 
the  yellow  clay  loam  of  the  prairies  west  of  Crowleys  Ridge  and  the 
narrow  strip  of  clay  land  on  the  east  side  of  the  ridge.  In  a  few 
places  the  yellow  loam  forms  the  surface  soil. 

At  some  distance  back  from  the  streams  and  abandoned  water 
courses  the  country  becomes  flatter  and  is  now  largely  covered  with 
water  for  several  months  in  the  year.  This  land  in  the  interstream 
areas  is  a  gray  buckshotty  clay  land,  covered  with  a  dense  growth 
of  sycamore,  gum,  and  cottonwood,  with  more  or  less  maple,  willow, 
oak,  hickory,  black  oak,  elm,  and  ash.  In  the  buckshotty  clay  area 
there  are  no  signs  of  old  stream  channels. 

At  Blytheville  there  is  a  brick  and  tile  works  plant  which  makes  a 
conmion  brick  from  the  yellow  surface  clay  loam.  The  buckshot 
clay  could  likewise  be  tempered  with  sand  and  utilized  for  making 
common  brick. 

NEVADA  COUNTY. 

The  geology  of  Nevada  County  is  like  that  of  Dallas  and  Ouachita 
counties,  to  the  east  and  north,  like  that  of  southern  Hempstead 
Covaxty,  to  tbe  west,  and  like  that  of  Columbia  County,  to  the  south. 
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In  Nevada  County,  however,  no  large  streams  cut  deep  into  the 
soft  strata  as  the  Ouachita  cuts  into  those  in  Ouachita  County,  so 
that  good  exposures  of  the  clay  beds  are  rare  and  little  or  nothing 
is  known  about  them.  The  strata  of  this  county  are  nearly  hori- 
zontal but  dip  slightly  toward  the  southeast,  and  therefore  a  good 
clay  bed  found  anywhere  in  the  county  .will  probably  lie  deeper 
beneath  the  surface  as  one  follows  it  southward. 

Records  should  be  made  of  clay  beds  passed  through  by  wells, 
for  a  promising  clay  found  in  a  well  may  come  to  the  surface  at 
some  point  farther  northwest.  It  is  not  likely  that  good  pottery 
clays  will  be  found  close  to  the  St.  Louis,  Iron  Mountain  and  South- 
em  Railway,  but  valuable  and  abundant  brick  clays  may  be  found 
near  that  road.  The  best  pottery  clays  and  clays  available  for 
refractory  purposes  will  be  found  about  the  central  and  southeastern 
part  of  the  county. 

Only  one  establishment  in  Nevada  Coimty  is  engaged  in  the  man- 
ufacture of  clay  products,  Longston  Brothers'  common-mud  brick 
plant,  located  at  Emmet,  with  an  office  at  Sutton. 

OUACHITA  COUNTY. 

GENERAL  GEOLOGY. 

The  geology  of  Ouachita  County  may  be  regarded  as  typical  of 
the  southern  portion  of  the  State.  The  surface  is  underlain  entirely 
by  rocks  of  Tertiary  age  except  where  they  have  been  removed  by 
denudation  and  the  valleys  filled  with  Quaternary  alluvium  or 
residuary  accumulations.  The  Tertiary  rocks  are  usually  not  very 
hard;  they  are  clays,  sands,  lignites,  and  gravels,  and  these  four  at 
many  places  grade  into  one  another,  forming  sandy  clays,  clayey 
sands,  lignitic  clays,  and  all  other  possible  combinations.  At.  some 
places  the  sands  are  indurated,  forming  hard  quartzites;  at  others 
they  are  but  loose  sands;  while  in  color  they  range  through  the 
browns,  yellows,  grays,  and  reds. 

Tliough  local  dips  may  be  seen,  most  of  the  rocks  lie  in  horizontal 
or  approximately  horizontal  beds,  so  that  they  may  readily  be  traced 
from  one  locality  to  another. 

The  Tertiary  beds  have  been  cut  by  Ouachita  River,  which  has 
washed  out  a  wide  valley.  This  valley  is  bordered  on  the  west  by  a 
rather  abrupt  escarpment,  in  which  the  Tertiary  beds  outcrop, 
especially  at  points  where  the  river  hugs  its  right  bank,  as  at  Cam- 
den, Newport  Landing,  and  Millers  Bluff. 

In  Camden  a  steep-sided  ravine  having  walls  40  feet  high  is  cut 
in  the  soft  sandy  clays  by  the  stream.^  A  large  part  of  the  exposed 
surface  of  these  clays  was  at  one  time  covered  with  an  abundant 


a  The  section  exposed  on  the  Ouachita  at  Camden  is  given  in  Ann.  Rept.  Oeol  Survey  Arkansaa  for 
1888,  vol.  2,  p.  50. 
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of  green  vitriol    (ferrous  sulphate)  derived   from   the 
ffliis  green  vitriol  causes  the  peculiar  taste  of  the  water  found 
(the  nella  at  Camden. 

Jacter  and  disposition  of  tlie  Tertiary  beds  at  Camden 
iken  in  a  certain  sense  as  typical  of  the  geology  of  Ouachita 
The  strata  there  exposed  extend  beneath  the  whole  county, 
ire  or  less  niodiiied  fonn.  This  variability  of  the  strata 
wrupts,  of  course,  the  continuity  of  the  clay  deposits  and  of  what- 
Wer  else  there  may  be  of  economic  value  in  these  beds.  The  sandy 
relays,  for  example,  in  their  horizontal  distribution  give  place  to 
pottery  clays,  and  pottery  clays  give  place  to  brown  coal,  and  brown 
coal  gives  place  again  to  clays  or  sands  or  some  of  the  other  beds 
so  common  throughout  the  county. 

In  some  places  the  beds  are  deeply  eroded  and  broad  valleys  are 
formed  in  them,  so  that  the  strata  for  several  miles  have  been  washed 
away,  clays,  sands,  coals,"  and  all.  The  valley  of  the  Ouacliita  is 
itself  an  example  of  such  erosion.     The  road  from  Lester  station, 


Fia.  I2.-S«;tl<in  al  Tarlipr  IIUI  and  Srcly  Uoiinlain,  Ouachita  County. 

on  the  Camden  branch  of  the  St.  Louis,  Iron  Mountain  and  Southern 
Railway,  to  Cam<len  passes  over  a  sharp  ridge  called  Seely  Moun- 
tain, which  rises  about  200  feet  above  the  level  of  tlie  Ouachita 
bottoms.  About  4  miles  northwest  of  Camden  the  same  road  ascends 
Parker  Hill,  which  is  geologically  a  repetition  of  Seely  Mountain 
and  which  has  the  same  elevation,  the  two  being  separated  by  a 
broad  valley  which  has  been  cut  out  by  the  ordinary  process  of 
erosion.  The  profile  section  in  fig.  12  will  make  plain  the  relations 
of  these  ridges  to  each  other. 

These  details  of  general  structure  are  given  for  the  purpose  of 
showing  how  the  distribution  of  clays  in  Ouachita  County  is  deter- 
mined by  the  geology  of  the  region. 

CLAY  DEPOSITS. 

The  region  in  which  the  brown  coals  occur  is  a  promising  one  in 
which  to  seek  valuable  clays  both  for  the  manufacture  of  pottery 
aud.for  fire  clays. 

dTha  OBologteal  8tirv<]r  of  the  Bute  haa  data  lor  a  mport  on  the  coala  ot  Ouachita  County,  untlttM 
Cnltad  State* OaobvleBl  Survey  but  published  a  nport  on  this  subject  hy  If  r.  Joseph  A.  Taff  In  Twputy- 
flnt  Ann.  Rqit.,  pt.  3.  IWO,  pp.  3l»-329. 
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In  the  S.  i  SE.  }  sec.  2,  T.  12  S.,  R.  18  W.,  on  a  small  stream 
called  Sandy  Branch,  is  an  exposure  of  material  that  has  received 
considerable  attention.  It  has  the  appearance  of  being  a  very 
sandy,  compact,  nonplastic,  whitish  cream-colored  clay.  It  has 
usually  been  regarded  as  a  fire  clay,  but  the  percentage  of  water  of 
crystaUization  contained  in  the  material  when  freed  from  sand 
shows  it  to  bo  a  kind  of  kaolin. 

This  bed  is  exposed  inconspicuously  at  three  or  four  places  on 
Sandy  Branch,  at  the  base  of  the  hilb  that  form  the  western  limit 
of  the  immediate  valley  of  Ouachita  River.  Most  of  the  outcrop 
is  concealed  by  d6bris  that  has  fallen  down  from  the  hills  above,  but 
it  has  been  opened  sufficiently  to  show  its  relation  to  the  overlying 
beds  and  to  expose  a  thickness  down  to  the  water  of  Sandy  Branch 
of  12  feet,  but  without  discovering  the  total  thickness  of  the  deposit. 
___^_^_^  The  geology  of  the  region  leads  to  the 

)  beUef  that  this  material  lies  at  the  base 

^^^^^^r^^^^^  of  the  hills  up  and  down  Sandy  Branch 

^Sm^S^^^^^  from  the  point  referred  to  and  on  both  sides 

^^^5^^5!??^  of  the  stream,  probably  forming  an  out- 

I      crop  several  miles  long.     A  hill  nearly  100 

I      feet  high  rises  to  the  west  of  the  outcrop, 

but  in  all  probability  places  may  be  found 

at   which   there   is  no 
considerable     covering 

FiG.13.— Section  on  Sandy  Branch,  near  Ouachita  River,  Ouachita       ^q     ^J^^     bed.       At      the 
County,    a,  TMasticclav;  6,  brown  lignite;  c,  sandy  Icaolin.  '  . 

exposure  referred  to  a 
bod  of  brown  lignite"  about  3  feet  thick  overlies  the  clay,  and  above 
this  is  a  bod  of  plastic  clay,  the  thickness  of  which  is  not  exposed. 

Fig.  13  is  a  section  at  this  locality. 

The  following  is  an  analysis  made  by  the  St'.  Louis  Sampling  and 
Testing  Works  of  a  sample  said  to  have  been  taken  from  this  kaolin 
bed.  It  was  kindly  furnished  by  Dr.  A.  S.  Gamett,  of  Hot  Springs, 
who  had  the  analysis  made  in  August,  1889: 

Analysis  of  kaolin  from  Sandy  Branch. 

SUica  (SiOj) 66. 26 

Alumina  ( AI3O3) 25. 36 

Sosquioxide  of  iron  (FcaO,) 22 

Lime(CaO) 26 

Magnesia  fMgO ) Tiace. 

Alkalies S4 

Water  and  loss 7. 32 


100.24 


a  As  ti  nilo  this  lignito  is  considorably  thinner  on  the  outcrop  than  liuldaw 
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The  following  is  an  analyas  of  a  sample  of  material  said  to  have 
come  from  "Red  Hill,"  made  in  1882  for  Walter  Hamilton,  of 
120  William  street.  New  York  CSty,  by  A.  Guyard,  chemist.  The 
material  seems  to  be  the  same  as  that  found  in  the  Sandy  Branch 
exposure. 

Analysis  of  kaolin  from  Red  Hill. 

SUica  (SiOa) 70.40 

Alumina  (AJ^Oa) 18. 40 

FOoxide  of  iron  (PcjOa) 1. 25 

Titanic  acid  (TiOj) 05 

Manganese  (MnO) Trace. 

Lime(CaO) .55 

Magnesia  (MgO) 25 

Alkalies Trace. 

Sulphuric  acid  (HaSOJ 25 

Water  (H3O) 8.75 

Loss 10 


i 


100.00 

A  sample  collected  by  the  State  Geological  Survey  of  Arkansas 
(through  Arthur  Winslow,  assistant  geologist)  at  the  Sandy  Branch 
locality  was  analyzed  by  the  Arkansas  Survey.  The  label  with  this 
specimen  says  it  comes  from  the  NW.  J  SW.  J  sec.  2,  T.  12  S.,  R.  18  W. 
Whether  it  came  from  that  locality  or  from  the  one  on  Sandy  Branch, 
the  material  is  the  same. 

Analysis  of  kaolin  from  sec,  2,  T.  12  S.,  R.  IS  W. 
[Brackett  &  Smith,  analysts.] 

Silica  (SiOj) 76.21 

Alumina  (AJ2O,) 16. 00 

Feme  oxide  (FejOg) 75 

Lime  (OaO) Slight  trace. 

Manganese  and  alkalies  (by  difference) 1. 06 

Water  on  ignition  (HjO) 5.98 

100.00 

Anyone  examining  this  material  is  impressed  by  the  fact  that  it 
<3ontains  a  large  percentage  of  sand,  though,  of  course,  samples  can 
l>e  selected  that  are  comparatively  free  from  sand.  In  order  to 
determine  the  nature  of  the  material  when  freed  from  the  greater 
part  of  the  coarse  sand,  a  sample  of  it  was  washed.  The  following  is 
the  analysis  of  a  sample  of  the  washed  material,  the  sand  being 
deducted  from  the  silica  and  the  composition  recalculated: 

Analysis  of  washed  kaolin  from  sec.  2,  T.  12  S.,  R.  IS  W. 

SiUca  (SiO,) 28.47 

jUmniiia  (il^O,) 48.00 

Fenic  cndde  (FeaO,) 2.25 

<**«^>-l 3.18 


%^.%^ 


\ 
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This  shows  that  this  material  is  simply  a  sandy  kaolin  and  not 
an  ordinary  clay,  in  the  chemical  sense  of  that  term. 

After  the  sand  is  removed  by  washmg  it  is  available  for  the  manu- 
facture of  pottery  and  also  as  a  refractory  material.  As  a  fire 
clay  it  will  be  spoken  of  elsewhere  in  this  report.  The  quantity  of 
this  kaolin  in  the  vicinity  of  the  locality  described  above  seems  to 
be  very  large.  Mr.  Winslow  observed  the  following  section  in  the 
NE.  }  SW.  }  sec.  2,  T.  12  S.,  R.  18  W.,  under  a  bluflF  very  like  that 
observed  by  the  writer  on  Sandy  Branch: 

Section  in  sec.  2,  T.  12  S.,  R.  IS  W. 

Ft.      In. 

Sand  and  clay 6 

Decomposed  lignite 8 

Gray  day .^ 1      6 

Decomposed  lignite .' 1      6 

Sandy  kaolin 12-15 

At  this  place  also  the  full  thickness  of  the  bed  is  not  seen. 

It  is  reported  from  several  places  in  sec.  36,  T.  11  S.,  R.  18  W. 
At  one  point  the  fonner  exposure  is  said  to  have  recently  been  con- 
cealed by  a  landslide;  at  another  place  it  is  said  to  be  4  feet  thick, 
and  has  been  used  for  whitewash. 

In  the  SW.  i  NW.  J  sec.  36,  T.  11  S.,  R.  18  W.,  at  the  house  of  Jack 
McKinzie,  the  following  section  was  passed  through  in  digging  a 
well : 

Section  in  veil  in  sec.  36,  T.  11  S.,  R.  IS  W. 

Feet, 
(lay 2 

Ligni  te 2) 

Gray  clay  with  sand .3+ 

There  are  thin  beds  of  pottery  clay  on  a  branch  of  Wolf  Creek  at 
the  mouth  of  a  lignite  drift  in  the  NE.  }  NW.  }  sec.  14,  T.  12  S.,  R. 
18  W.  These  beds  are  only  a  few  inches  thick,  and  therefore  too  thin 
to  be  of  any  practical  value.  Inside  the  drift  they  are  only  6  or  8 
inches  thick.  It  is  possible  that  these  beds  may  be  thick  enough  in 
tliis  neighborhood  to  render  them  valuable.  The  clay  itself  is  of  fair 
quality,  as  the  following  analysis  of  it  shows: 

Analysis  of  clay  f mm  XE.  {  XW.  \  sec.  14,  T.  US.,  R,  IS  W. 

[Sample  dried  at  110«-115«  ('.    Uruckett  &  Smith*  analysts.] 

Silica  (SiOj) 79.42 

Alumina  (AI2O3). . . .' 13. 35 

Ferric  oxide  (FejOa). 2. 17 

Lime  (raO) Trace. 

Magnesia  (^MgO).. 

Trace. 


P()la.<h  (K2O)  . . . 

S<Hla  iNa,,0)....  _ 

Ii<»ss  on  ignition  (HjO) 6. 38 


100.32 

Sand  in  airnlried  sjK^cimen 9. 48 

Wa t er  a 1 1 1 0**- 11 5°  C 3. 72 
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In  bummgy  this  clay  becomes  a  light  gray  and  loses  9.68  per  cent 
of  its  weight. 

The  following  is  the  section  exposed  at  the  Sulphur  Spring  coal 
drift,  at  the  base  of  the  hill  near  the  house  of  the  superintendent  of 
the  Ouachita  Coal  Company's  mines. 

Section  at  Sulphur  Spring  coal  drift. 

Ft.    in. 

1.  Yellow  sand 15 

2.  Thinly  laminated  sands  and  clay 7 

3.  Sand 2 

4.  Buff  pottery  day 1    6 

5.  Lignite 5 

6.  Clay  with  fossil  leaves 6+ 

No.  2  of  the  above  section  is  made  up  of  interstratified  half-inch 
beds  of  sand  and  pure  clay,  with  fragments  of  vegetation  scattered 
through  them,  in  which  form  it  can  not  be  utilized.  No.  4  is  a  good 
clay  and  might  be  utilized  if  the  bed  were  thicker.  Near  the  mouth 
of  the  drift  it  is  somewhat  stained  with  iron,  but  will  not  be  found 
so  stained  farther  in  the  hill.  No.  6  is  said  to  have  been  penetrated 
6  feet  in  digging  a  sump  in  the  coal  mine,  but  at  this  depth  it  was  not 
passed  through.  The  leaf  impressions  in  this  clay  are  very  abundant 
and  fresh. 

Mr.  Winslow  reports  the  following  section  from  the  old  mine  half 
a  mile  from  the  Ouachita  River,  in  the  NW.  }  NE.  }  sec.  12,  T.  12 
S.,  R.  18  W. 

Section  in  old  mine  in  NW.  }  NE.  i  sec.  12,  T.  12  S.,  R.  IS  W. 

Sand  on  surface.  Ft.    in. 

1.  White  sandy  clay 3 

2.  Chocolate  sandy  potter>;  clay ^3 

3.  Yellow  and  white  sand 8 

4.  Bluish-gray  clay  with  sandy  seams 8 

5.  Carbonaceous  shale 6 

6.  Lignite 5-0 

7.  Gray  clay  not  penetrated  at 3 

No.  2  of  the  above  section  is  a  massive  chocolate-ci^lored  clay 
that  does  not  crack  on  drying.  It  seems  to  be  available  for  the 
manufacture  of  both  pottery  and  fire  bricks.  No.  7  is  a  tenacious 
pottery  clay  containing  an  abundance  of  well-preserved  impressions 
of  leaves.  This  bed  strongly  resembles  the  lower  leaf-bearing  bed  of 
Atchison's  pits  at  Perla  switch,  Hot  Spring  County,  used  for  the  man- 
ufacture of  fire  bricks. 

The  days  mentioned  in  this  section  are  not  being  utilized  for  any 
purpose,  idthough  a  company  is  said  to  have  under  consideration  the 
question  of  erecting  brick  and  sewer-pipe  works  in  the  neighborhood. 

Mr.  Kennedy  reports  also  that  at  drift  No.  1  on  the  Beach  tract, 
within  200  feet  of  the  coimty  road,  under  the  brow  of  a  swid^  V^iSi^ 
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in  the  NE.  J  NW.  i  sec.  29,  T.  12  S.,  R.  18  W.,  there  is  a  bed  of 
pottery  clay  about  2  feet  thick  overlying  the  lignite.  The  upper  6 
inches  of  this  clayis  of  a  yellowish  color;  the  lower  18  inches  is  bluL<ih 
gray.  Both  portions  contain  a  large  amount  of  very  fine  micaceous 
sand.     The  gray  portion  seems  to  be  a  fair  potter's  clay. 

Wells  bored  at  Henry  C.  BelPs  place  on  sec.  4,  T.  13  S.,  R.  18  W., 
passed  through  an. aggregate  of  17  feet  of  clay  and  4 J  feet  of  lignite. 
The  order  of  their  arrangement  could  not  be  ascertained. 

A  well  put  do\^Ti  at  Wilson  Carter's  gin  in  the  NW,  J  NW.  J  sec.  15, 
T.  12  S.,  R.  19  W.,  has  the  following  section: 

Section  in  well  at  Wilson  Carter^ s  gin. 

Sand 15 

Clay 5 

Lignite 4J 

Clay. 

Mr.  Kennedy  reports  a  drift  in  the  NW.  }  NW.  J  sec.  15,  T.  12  S., 
R.  18  W.,  with  3  feet  of  blue-grav  clay  above  and  below  a  3-foot  lignite 
bed. 

Near  Dempay's  mill,  in  the  S.  i  SW.  i  sec.  25,  T.  12  S.,  R.  18  W., 
the  road  descending  from  the  hills  to  the  flood  plain  of  Ecore  Fabre 
Creek  passes  over  some  light-gray  sandy  clays  that  appear  to  be  avail- 
able for  pottery.  From  this  point  the  highlands  that  border  the  right 
side  of  the  Ouacliita  Valley  follow  a  zigzag  course  through  sees.  25, 
24,  13,  12,  11,  1,  and  2  of  f.  12  S.,  R.  18  W.,  and  still  farther  north  it 
passes  through  sees.  36,  35,  25,  26,  34,  and  33,  T.  11  S.,  R.  18  W.,  and 
returns  to  sees.  4  and  5  of  T.  12  S.,  R.  18  W.  The  clay  outcrops 
follow  in  and  out  around  the  sides  of  these  hills,  though  as  a  rule  they 
ai'e  concealed  by  the  earth  and  humus  that  have  accumulated  upon 
them.  Outcrops  of  the  same  beds  may  be  traced  in  the  same  way 
about  the  headwaters  of  Wolf  Creek  and  of  Ecore  Fabre  Creek. 

South  of  Ecore  Fabre  Creek  the  Lester-Camden  road  rises  to  higher 
ground  in  the  NW.  i  XW.  J  sec.  1,  T.  13  S.,  R.  18  W,  In  these 
higher  lands  good  pottery  clays  crop  out  locally  in  gullies  and  in  the 
bluffs,  but  for  the  most  part  the  outcrops  are  concealed  by  debris 
from  the  overlying  beds.  In  the  SW.  J  NW.  J  sec.  1,  near  Joshua 
Lester's  house,  this  clay  is  exposed  on  the  hillside  just  west  of  the 
road.  The  section  shows  2  or  3  feet  of  sandy  clay  with  2  feet 
(exposed)  of  pink  sandy  potter's  clay  beneath  it.  This  clay  contains 
fossil  leaves. 

Mr.  Li^ster's  house  is  in  the  XE.  J  SW.  }  sec.  1,T.  13  S.,  R.  18  W. 
Just  across  the  n>ail  west  of  his  house,  and  about  200  feet  from  it, 
there  is  a  3-foot  bed  exposed:  above  it  the  soil  is  streaked  with  red, 
and  contains  thin  bands  of  liinonite ;  below  it  are  red  sandy  days,  over 
15  feet  of  which  are  expostnl. 
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The  sections  exposed  in  Seely  Mountain  and  in  Parkers  Hill,  south 
of  Lester,  on  the  road  to  Camden,  show  very  sandy  beds,  with  no 
available  pottery  clays.  These  clays  appear  to  lie  at  a  lower  level, 
and  to  wind  in  and  out  about  the  hills  toward  their  bases. 

In  the  city  of  Camden  there  is  a  small  pockety  bed  of  pottery  clay, 
in  places  3  feet  thick,  on  the  west  side  of  the  Missouri  Pacific  Railway, 
on  California  street. 

The  Arkansas  Company,  an  organization  with  an  oflBce  at  Lester, 
Ark.,  owns  a  large  part  of  the  lignite  and  clay  lands  between  the  Cam- 
den branch  of  the  St.  Louis,  Iron  Mountain  and  Southern  Railway  and 
Ouachita  River  in  T.  12  S.,  R.  18  W.  This  company  put  down  a  deep 
well  at  the  center  of  sec.  12  of  that  township  and  range.  Dr.  A.  S. 
Gamett,  of  Hot  Springs,  Ark.,  kindly  furnished  a  copy  of  the  record 
of  this  well,  which  shows  the  various  clay  beds  and  their  thicknesses. 

Record  of  well  at  the  center  of  sec.  12,  T.  12  S.,  R.  18  W. 

Feet. 

Common  clay 25 

Blue  fire  day 15 

Coal  (lignite) 5 

Fire  clay 15 

Quicksand 60 

Decomposed  clay 5 

Sand 30 

Hard  clay 30 

Coal  (lignite) 5 

Hard  clay 15 

Sandy  clay 110 

Coal  (lignite) 5 

Sand  and  clay 50 

Quicksand 100 

2^d  and  clay 75 

Hard  day 15 

Coal  (lignite) 10 

Clay  and  sand 50 

Coal  (lignite) 2 

Quicksand 1 75 

Bock  and  sand 55 

Total  depth  of  well 852 

From  what  has  been  said  of  the  exposures  known,  it  will  be  soon 
that  pottery  clays  are  to  be  looked  for  in  the  lower  portions  of  the  hills 
that  skirt  the  Ouachita  Valley.  The  steepness  of  these  hills  on  the 
west  side  of  the  river  gives  rise  to  a  great  number  of  natural  exposures 
of  the  clay  beds,  but  the  same  beds  may  confidently  be  looked  for  on 
the  east  side  of  the  river  and  in  the  gentler  slopes  of  that  side  of  the 
valley,  though  they  are  there  farther  from  the  stream. 

It  is  noticeable  also  that  good  clays  are  at  some  places  associated 
with  the  Tertiary  coals  or  lignites  of  this  region.  Thus  the  lignite, 
which  usually  attracts  attention  more  readily  than  clays,  sei'ves  to 
a  certain  extent  as  a  guide  in  searching  for  valuable  clays. 

48196— Bull.  351—08 10 
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CLAY  INDUSTRY. 

Notwithstanding  the  fact  that  Ouachita  County  is  remarkably  well 
supplied  wdth  potter^s  clays,  no  clay  industry  is  known  to  exist  in  the 
county  at  the  present  time,  and  the  only  plant  that  has  existed,  and 
of  which  information  could  be  had,  was  a  pottery  located  about  8 
miles  south  of  Camden  and  about  2  miles  from  Ouachita  River,  on  the 
farm  now  belonging  to  Mr.  Thomas  Patton  (Camden  post-office) .  The 
clav  is  said  to  have  come  from  one  of  the  stratified  beds  of  the  hillside. 
The  pottery  has  not  been  in  operation  since  the  breaking  out  of  the 
civil  war. 

PHILLIPS   COUNTY. 

GENERAL  GEOLOGY. 

The  southern  half  of  Phillips  County  is  covered  by  the  alluvial 
deposits  of  Mississippi  and  White  rivers.  The  northern  half  is  broken 
by  Crowleys  Ridge,  which  has  its  southern  terminus  at  Helena,  on 
Mississippi  River.  West  of  the  ridge  is  a  series  of  much  lower  ridges, 
or  low  swells,  which  have  a  general  north  and  south  direction.  These 
smaller  ridges  are  broken  by  streams  and  intervening  depressions. 

The  elevation  of  the  lowlands  in  the  southern  portion  of  the  county 
is  but  a  few  feet  above  the  water  in  Mississippi  River.  The  elevation 
of  the  depot  at  Helena  is  194  feet  above  sea  level.  The  highest  point 
on  the  top  of  the  ridge  at  Helena  is  198.9  feet  above  the  zero  gage. 
The  elevation  of  the  zero  gage  is  148.85  feet  above  sea  level.  The  top 
of  the  ridge  is  therefore  347.75  feet  above  sea  level,  and  about  150  feet 
above  the  lowlands  to  the  west. 

The  bluffs  along  the  south  end  of  the  ridge  in  the  vicinity  of  Helena 
give  good  exposures  of  Tertiary  and  Quaternary  strata.  The  loess 
covers  the  top  and  sides  of  the  ridge  here  as  at  most  places  throughout 
the  wState.  The  rearranged  product  of  the  loess  covers  the  older 
underlying  strata,  which  are  seen  at  only  a  few  places. 

At  the  west  end  of  Cherry  street  in  Helena,  and  along  the  bluff  to 
the  south,  there  is  a  bed  of  iron-stained  pebbles,  which  greatly  re- 
senil)lo  the  pebbles  of  the  Lafayette  formation.  The  top  of  the 
pebl)le  bed  stands  at  an  elevation  of  205  feet.  Immediately  above 
the  bed  of  pebbles  comes  about  10  feet  or  more  of  orange-colored 
loam.  Overlying  the  loam  is  an  apparent  soil  zone,  having  a  maxi- 
nunn  thickness  of  10  feet.  This  is  present  in  many  places,  but  it  is 
at  others  absent.  The  remaining  part  of  the  bluff  is  composed  of 
typical  calcareous  loess,  containing  numerous  land  shells. 

In  places  where  recent  excavations  have  been  made  the  loess  is 
distinctly  stratified.  Viewed  from  a  distance  it  has  a  general  stratified 
appearance,  but  when  more  closely  inspected  many  more  faint  lines 
of  stratification  can  be  seen. 
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At  the  big  spring  2  miles  north  of  Helena,  on  the  east  side  of  the 
ridge,  80  feet  of  variegated  sands,  days,  and  lignitic  clays  are  exposed 
in  the  deep  ravine  just  north  of  the  spring.  The  iron-colored  pebbles 
and  overlying  orange-colored  loam,  seen  at  the  foot  of  the  bluff  on 
Cherry  street  in  Helena,  comes  above  the  80-foot  section  of  variegated 
sands  and  clays  at  this  spring.  The  top  of  the  bluff  is  covered  with 
loess. 

Along  the  western  edge  or  Crowleys  Ridge  in  this  county  there  is 
an  apparent  terrace  from  one-half  to  3  miles  wide.  It  has  a  uniform 
elevation  20  to  30  feet  higher  than  the  plain  to  the  west. 

A  section  in  a  gulley  li  miles  east  of  Southland  shows  strata  of  the 
character  found  in  the  terrace  west  of  the  main  ridge. 

Section  of  terrace  7  J  miles  east  of  Southland. 

Feet. 

Stiutified  dark  clayey  loam 4 

Thin,  laminated,  argillaceous  sand,  with  small,  irregular  concretions 

of  iron  oxide 4 

Yellow  argillaceous  sand 2 

CLAY  DEPOSITS  AND  INDUSTRY. 

The  principal  brick  clays  of  Phillips  County  are  the  loess  and 
rearranged  loess  found  on  the  top  and  sides  and  at  the  foot  of  Crow- 
leys  Ridge.  Bricks  could  be  made  from  the  upper  loam  of  the  terrace 
along  the  west  side  of  the  ridge  and  also  from  the  clays  that  form  the 
surface  of  Pine  and  Hickory  ridges.  So  far,  however,  the  brick 
industry  of  the  county  is  limited  to  the  city  of  Helena. 

The  plant  of  the  Straub  Brick  Company  is  located  on  the  south- 
west side  of  the  town,  at  the  foot  of  Crowleys  Ridge.  The  capacity 
of  the  plant  is  36,000  bricks  a  day.  The  bricks  are  made  from  the 
loesSy  which  has  been  slightly  reworked  and  mixed  with  the  under- 
lying clays.  It  requires  a  greater  amount  o^  care  to  make  good 
bricks  from  this  clay  than  from  ordinary  clay.  The  loe^s  is  a  very 
fine,  silty,  calcareous  loam,  lacking  plasticity,  and  it  is  very  easy  to 
get  too  much  water  in  the  pug  mill.  It  is  found  to  be  more  profitable 
to  make  soft-mud  brick  in  the  summer,  and  dry-pressed  brick  in  the 
fall  and  winter. 

The  bricks  are  dried  in  the  open  air  by  the  pallet  and  rack  system. 
Most  of  them  are  burned  in  up-draf  t  kilns.  Onl}^  one  down-ilraf t  kiln 
is  used. 

PIKE  COUNTY. 

GENERAL  GEOLOGY. 

The  geologic  age  and  character  of  the  deposits  in  the  southern  part 
of  Pike  County  encourage  the  hope  that  valuable  beds  of  kaolin  exist 
there.  These  beds,  however,  must  be  sought  within  the  Mesozoic 
area  and  not  in  the  region  of  hard  Paleozoic  rocks  to  the  uortlv. 
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Ill  a  general  way  the  northern  border  of  the  Mesozoic  rocks  in  Pike 
County  passes  from  Antoine  just  north  of  Wolf  Creek  post-office, 
Brock  town,  and  Murfreesboro,  and  south  of  Royalston,  passing  into 
Howard  County  where  the  county  line  crosses  Muddy  Fork  of  Little 
River.  North  of  this  line  it  is  useless  to  look  for  kaolin  in  commercial 
quantities  in  Pike  County.* 

CLAY  DEPOSITS. 

It  has  been  known  for  several  years  that  kaolin  exists  in  Pike 
County,  l)ut  the  only  plant  of  any  kind  in  the  county  that  is  engaged 
in  the  manufacture  of  clay  products  is  a  small  brick  plant  at  Nathan. 

Some  fine  specimens  of  kaolin  were  exhibited  at  the  exposition 
held  at  I^ittle  Rock  in  the  summer  of  1887.  These  specimens  were 
labeled  ^'Pulaski  County/'  but  they  must  have  come  from  the  Vauglm 
Creek  beds,  in  Pike  County.  At  least  no  such  kaolin  is  known  in 
Pulaski  County.* 

The  k:.olin  beds  of  Vaughn  Creek  have  been  examined  by  the  State 
Geological  Survey  at  the  pits  opened  in  the  NW.  }  SW.  J  sec.  19,  T. 
8  S.,  R.  24  W.,  near  S.  D.  Hanna's  house.  The  locality  is  known  in 
the  surrounding  country  as  'Hhe  chalk  bank.''  Its  discovery  seems 
to  have  been  due  to  the  fact  that  pieces  of  kaolin  were  torn  out  by 
an  uprooted  tree.  The  material  has  been  used  to  some  extent  through 
the  country  for  school  chalk. 

The  kaolin  lies  in  horizontal  beds  in  the  tops  of  the  hills  that  skirt 
the  right  bank  of  Vaughn  Creek.  These  hills  are  low  and  are  covered 
with  an  abundance  of  waterwom  pebbles  and  cobblestones  of  Pleis- 
tocene age.  In  the  valley  of  Vaughn  Creek,  about  75  feet  below  the 
sunmiit  of  the  kaolin-bearing  ridges,  lignites  of  the  Trinity  beds 
(lower  Cretaceous)  have  been  found  in  digging  a  well  at  Mr.  S.  D. 
Hanna's,  in  the  SE.  J  NW.  J  sec.  19,  T.  8  S.,  R.  24  W.  The  strati- 
graphic  position  of  the  koalin  would  admit  of  its  belonging  either  to 
the  lower  Cretaceous,  the  upper  Cretaceous,  or  to  the  Tertiary.  In 
the  absence  of  other  evidence  it  is  therefore  impossible  to  say  to 
which  of  these  liorizons  it  belongs.  It  is  believed  that  the  beds  are 
of  Cretaceous  age,  but  this  can  not  be  stated  as  anything  more  than 
an  opinion  based  on  observations  of  the  topography  and  stratigraphy 
of  the  Cretaceous  beds  farther  west  and  south. 

The  accompanying  section  (fig.  14)  is  exposed  in  one  of  the  old 
prospecting  pits  dug  on  tlie  kaolin.  It  is  impossible  to  say  whether 
this  kaolin  bed  represents  the  full  thickness  of  the  deposit  in  Pike 
County.  A  few  other  smaller  holes  have  been  dug  in  the  immediate 
vicinity,  but  as  they  are  all  within  100  feet  of  this  one  and  were  dug 

1  Tho  Mj^sozoIc  rcK  ks  of  Tiko  County  am  shown  on  th<»  niup  of  that  m^fion  accompanying  vol.  2  ol 
tlic  n'port  of  the  (J«»ological  Survey  of  ArkaiiRas  f<»r  18H8. 

b  In  181W  theso  si>nelmons.  still  lal>elp(l  •'Pulaski  County,"  worp  on  exhibition  at  the  roomii  of  the  State 
Department  of  Agriculture  at  Little  Kock. 
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tn  strike  the  same  depoaite,  they  throw  no  light  on  the  niiture  of  the 
be'ds  except  at  this  one  place. 

The  broken  bed  d  of  the  section  appears  to  be  the  remains  of  a  bed 
of  kaolin  from  which  a  part  of  the  constituents  has  been  remove<l  by 
tlecomposition.  The  lai^r  fragments,  when  broken  parallel  with 
the  bedding,  show  a  great  many  obscure  and  small  plant  impressions, 
resembling  those  made  by  blades  of  grass.  None  of  the  forms  seen 
are  recognizable,  however.  The  upper  part  of  the  bed  marked  ka  in 
the  accompanying  section  contains  a  little  grit  in  the  form  of  grains 
of  fine  quartz  sand.  It  also  shows  a  great  many  indistinct  and  frag- 
mentan-  impressions  of  plants.  These  plant  impressions  are  very 
small  and  none  of  those  found  are  determinable.  The  lower  part  of 
the  bed  Jca  is  pink  in  color,  and  contains  l>esides  many  small  white 


Pio.  14.— Saotlon  ol  kaoIlD  depoalta  oa  Vaogbn  Croak,  PlkaCouatr.  gr,  Lala;ptte  gravel;  cl.  Impuro 
dajr:  ka,  pink  kuiIlD  with  white  apecks:  get,  granutur,  wlifta  strMk  ot  clay;  it.  while  kaotln.  Iran- 
■Uliud  hrinu:  ((,  7aUow  mnd. 

Spots  about  the  size  of  a  pin's  head.  These  spots  are  kaolin  like  the 
rest,  and  retain  their  white  color,  distinct  from  that  of  the  rest  of  the 
material,  even  after  firing  and  glazing. 

In  sec.  19,  T.  S  S.,  R.  24  W.,  and  in  sec.  24,  T.  8  S.,  R.  25  W.,  the 
following  record  of  the  order  of  the  beds  is  reported  by  Mr.  E.  C. 
Buchanan,  of  Little  Rock : 

Seetum  in  trrt.  10  and  U,  T.  8  S.,  H».  '4  ami  W  W. 

Eartband  gravel 2  3 

Kaolin  with  eand  and  re<l  plreakj' G 

Kaolin  and  sand 1  ti 

Kaolin  with  streakH 1  il 

Pinkie  sand 1  « 

Other  pits  show  the  same  <irder,  but  in  some  of  them  the  clean 
kaolin  is  thicker. 
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Mr.  Buchanan,  after  having  spent  some  time  in  examining  the 
kaolin  deposits  of  Pike  County,  wrote  the  following  general  conchi- 
sions  regarding  them : 

The  beds  are  irom  3  to  9  feet  in  thickness  and  are  very  variable  in  color.  Shafts  only 
a  hundred  feet  apart  exhibit  considerable  differences  in  the  sections.  The  following 
in  a  typical  section  as  near  as  such  a  section  is  possible: 

Typical  section  in-  Pike  County. 

Feet. 

Sand  and  gravel ^25 

Sand  varying  in  color,  but  generally  reddish  or  pink,  with  thin 

sheets  of  iron  oxide 4 

Kaolin,  solid,  pale  yellow  to  white,  with  red  or  yellow  streaks 3-9 

Sand 3+ 

The  colors  found  in  one  shaft  were  not  always  the  same  as  those 
in  an  adjacent  one.  The  largest  area  of  kaoUn  found  in  one  body 
covered  al)out  10  acres.  The  greatest  depth  at  which  the  kaolin  was 
found  was  25  feet. 

So  far  as  these  deposits  have  been  examined  they  appear  to  be 
ratlier  lens-shaped  beds  of  limited  distribution.  Some  of  these  beds 
cover  only  half  an  acre;  others  cover  an  area  of  8  or  10  acres.  Mr. 
Buchanan  is  of  the  opinion  that  the  entire  kaolin  area  probably  does 
not  exceed  350  acres.  These  lands  lie  in  sees.  19  and  30,  T.  8  S., 
R.  23  W.,  and  in  sees.  23,  24,  25,  and  26,  and  probably  in  sees.  35 
and  36,  T.  8  S.,  R.  24  W. 

The  more  massive  beds  of  kaolin  contain  no  evidence  of  its  deriva- 
tion beyond  its  sedimentary  origin.  The  kaolin  contains,  as  one 
might  expect,  fragments  of  cjuartz,  but  not  enough  to  affect  the  value 
of  the  material  for  economic  purposes.  It  has  a  conchoidal  fracture, 
but  within  the  stratum  there  are  no  bedding  or  lamination  planes.  In 
the  beds  above  and  below  it  there  are  evidences  that  the  accompany- 
ing strata  were  deposited  in  water,  a  bed  of  sand  underlying  and  a 
bed  of  less  pure  kaolin  overlying  it.  There  can  be  no  doubt,  there- 
fore, of  the  sedimentary  origin  of  the  Pike  County  kaolin. 

It  is  worthy  of  mention  that  no  exposures  of  feldspathic  rocks  are 
known  anywhere  in  this  neighborhood.  The  nearest  large  exposure 
is  at  Magnet  Cove  in  Hot  Spring  County,  50  miles  distant,  but  as  the 
Pike  County  kaolin  is  Cretaceous  it  can  have  no  genetic  relation  to 
the  Magnet  Cove  rocks,  for  the  latter  are  probably  of  post-Cretaceous 
age;  certainly  they  are  not  pre-Cretaceous, and  could  not  therefore 
have  supplied  the  material  for  this  kaolin. 

Tlie  Pike  County  kaolin  is  diflTerent  in  physical  characters  from  any 
otiier  kaolin  thus  far  found  in  the  State.  It  is  not  plastic  in  its  natu- 
ral condition,  but  has  a  hardness  of  about  1.5  in  the  mineralogical 
scale,  being  easily  scratched  with  the  nail.  When  dry  it  adheres 
strongly  to  the  tongue,  but  it  can  not  absorb  enough  water  to  render 
it  j)lastic,  even  wlien  left  submerged  for  weeks.     In  the  pit,  where  it 
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is  thoroughly  soaked  with  water,  it  is  brittle  and  breaks  with  a 
splintery  conchoidal  fracture.  When  dry  and  rubbed  with  the  hand 
it  takes  on  a  satin-like  gloss.  Ground  to  a  fine  powder  and  wet,  it 
forms  a  nonplastic  or  but  partially  plastic  mass. 

A  sample  of  this  kaolin  that  had  been  left  to  air  dry  for  several 
months  and  then  submerged  in  water  cracked  to  small  angular  pieces 
with  plainly  audible  snapping  sounds,  very  much  as  if  it  had  been  a 
piece  of  hot  glass.  Within  five  minutes  the  breaking  had  ceased,  and 
though  the  kaolin  remained  in  water  for  several  days,  it  showed  no 
further  signs  of  being  affected  by  it. 

The  fact  that  this  kaolin  does  not  soften  in  water  like  clay  is  a  dis- 
advantage, for  it  would  need  to  be  ground  and  washed  before  it  could 
be  used  in  the  manufacture  of  fine  pottery.  A  sample  of  it  has  been 
put  to  a  practical  test  by  being  fired  and  glazed  in  one  of  the  New 
Jersey  potteries.     It  stood  this  test  in  a  very  satisfactory  manner. 

Below  are  given  analyses  of  both  the  upper  pink  and  the  lower 
white  kaolin  of  the  section  given  on  page  149.  The  locality  is  in  the 
NW.  I  SW.  I  sec.  19,  T.  8  S.,  R.  24  W.  These  analyses  may  be  com- 
pared with  those  of  well-known  kaolins  in  the  table  on  pages  236-237. 

Analyses  of  kaolins  from  Vaughn  Creek. 
[Dr.  T.  C.  Van  Nuys,  analyst.] 

I    Upper   I    Lower 
I      lx>d.  bed. 

8IUea(8iO«) I        48.87  47.39 

Alumina  ( AUO> ) 36. 5 1  34.  67 

Iron  (ferric)  oxide  (FesOa) .98  2. 31 

lime  (CaO) .19  •  .32 

Mag^a  (MgO) 25  ,  Trace. 

Potash  (KjO) '  .2() 

8oda(NiO) .39 

Water 13.29  13.89 

100. 11  97. 17 

Water  at  110»-11S*C 1.00 

;  I 

At  the  pit  from  which  the  sample  of  the  lower  bed  was  taken  tlie 
kaolin  is  much  fractured,  and  iron-charged  waters  have  infiltrated 
along  these  fracture  lines  and  stained  them  a  deep  brown  color, 
though  the  material  still  holds  together  compactly.  When  a  mass 
removed  from  the  bed  is  struck  hard,  it  breaks  along  these  fractures. 
The  iron  stain  seriously  injures  tlie  kaolin,  probably  rendering  it 
worthless  for  fine  ware.  It  is  evident,  however,  that  the  iron  lias 
been  leached  from  the  waterwom  gravels,  sands,  and  clays  that  cover 
the  surface  of  the  ground  and  has  been  redeposited  in  the  only  j)art  of 
the  kaolin  it  could  easily  penetrate — that  is,  along  tliose  crevices.  If, 
therefore,  kaolin  available  for  the  manufacture  of  the  finer  grades  of 
porcelain  exists  in  commercial  quantities  in  the  neighborhood  of  tlie 
Vaughn  Creek  pits,  it  should  be  looked  for  at  places  where  it  will  have 
a  covering  fjiick  enough  to  protect  it  from  infiltratiim  of  iron-charged 
waton  from  the  surface. 


152  THE   CLAYS   OF  ARKANSAS. 

The  analyses  of  this  kaoUn  show  that  except  for  the  stains 
referred  to  above  it  is  sufficiently  pure  for  the  manufacture  of  fine 
porcelain  ware.  It  seems  to  be  well  adapted  also  for  paper  finishing. 
It  also  has  high  refractory  properties,  and  in  case  it  can  not  be  found 
free  from  the  impurities  that  would  injure  it  as  a  china  clay,  it  is  still 
available  for  the  manufacture  of  a  high  grade  of  fireproof  articles. 

Prospecting  for  kaolin  that  lies  in  horizontally  stratified  beds,  as 
do  these  of  Pike  County,  is  a  very  simple  matter  and  will  not  be  ex- 
pensive unless  one  happens  upon  thick  deposits  of  the  Pleistocene 
waterwom  material  that  covers  the  surface  of  the  ground.  The 
accompanying  diagram  (fig.  15)  is  intended  to  show  the  method  of 
occurrence  of  the  kaolin  with  reference  to  the  waterwom  gravels  of 
that  region. 

A  vertical  section  cut  through  these  beds  would  show  that  they 
have  some  such  relations  as  those  indicated  in  the  diagram.  The 
kaolin  lies  in  a  horizontal  bed,  ta,  and  the  sands,  88,  clays,  cl,  etc., 
associated  with  it,  are  also  horizontally  bedded.  These  beds  have 
been  worn  away  from  above  and  the  great  body  of  kaolin  originally 
deposited  has  been  removed.     What  remains  is  fragmentary  and. 


Fio.  15.— Section  of  kaolin  beds  in  Pike  County. 

in  the  vicinity  of  the  Vauglin  Creek  pits,  at  least,  lies  in  the  hilltops,  but 
over  the  worn  surface  gravel  beds,  gr^  have  been  spread  out,  covering 
the  greater  part  of  the  surrounding  country.  This  gravel  varies 
greatly  in  thickness.  At  some  places  it  is  almost  entirely  wanting 
or  is  represented  by  only  a  few  pebbles,  while  at  others  it  has  a 
thickness  of  30  feet  or  more.  It  is  at  many  places  impossible  to 
foresee  the  thickness  of  this  gravel  covering,  for,  as  wall  be  realized 
from  the  diagram,  the  thickness  at  a  would  give  a  miner  no  clue 
whatever  to  the  thickness  of  the  same  deposit  at  6,  and  vice  versa. 

The  horizontality  of  the  kaolin  beds  makes  prospecting  for  them 
simple  and  cheap.  It  is  only  necessary  to  ascertain  the  elevation 
on  the  hillside  at  which  the  bed  is  to  be  exposed,  judging  from  the 
elevation  at  which  it  occurs  at  known  localities,  and  then  to  dig  a 
trench  up  and  down  the  face  of  the  hill  so  as  to  crosscut  the  bed. 
This  trench  should  pass  entirely  through  the  watenvom  gravels  and 
uncover  the  underlying  beds.  If  the  kaolm  bed  were  perfectly 
horizontal  such  a  trench  would  not  be  necessary,  for  a  pit  could  be 
opened  directly  on  the  bed,  but  its  position  varies  somewhat,  and 
this  variation  makes  the  trench  necessary. 
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It  will  be  seen  from  the  foregoing  that  whether  or  not  considerable 
quantities  of  kaolin  are  to  be  expected  in  the  region  west  of  Vaughn 
Creek  in  Pike  County  depends  on  the  topography  of  the  country. 
If  the  hills  are  all  lower  than  the  point  at  which  the  outcrop  is  found, 
near  Mr.  Hanna's,  the  kaolin  has  all  been  washed  away.  If  the  hills 
are  higher  and  their  height  is  not  due  to  the  great  thickness  of  the 
gravel  bed,  the  kaolin  may  reasonably  be  expected  to  outcrop  on 
the  hillsides.  In  broad  and  flat-topped  hills,  with  kaolin  outcropping 
around  the  margins,  prospecting  may  be  done  by  boring  with  testing 
augers  on  the  hilltop.  If  the  boring  is  in  a  depression  it  will  not  be 
necessary  to  bore  through  so  great  a  thickness. 

There  is  a  very  widespread  and  a  very  erroneous  impression  among 
a  certain  class  of  miners  that  mineral  deposits  grow  thicker  and  better 
as  one  goes  deeper.  In  the  case  of  this  kaolin,  other  things  remaining 
the  same,  the  material  will  improve  as  the  cover  thickens,  but  this  is 
simply  because  the  thicker  cover  prevents  the  infiltration  of  iron  into 
the  kaolin.  Whether  the  beds  thicken  or  not  can  not  be  predicted, 
but  in  view  of  the  sedimentary  origin  of  the  deposit  it  is  reasonable 
to  suppose  that  they  will  not  vary  greatly  in  thickness. 

In  the  SW.  J  NE.  J  sec.  24,  T.  9  S.,  R.  24  W.,  a  bed  of  kaolin  is 
said  to  have  been  discovered  in  digging  a  grave  about  the  year  1874. 
This  point  is  said  to  be  on  the  top  of  a  sandy  hill  or  bench  about  30 
feet  above  the  "bottoms'*  of  Little  Missouri  River. 

POINSETT  COUNTY. 

GENERAL  GEOLOGY. 

The  topography  of  Poinsett  County  is  very  similar  to  that  of 
Cross  County  on  the  south  and  Craighead  on  the  north.  The  eastern 
half  of  the  county  is  a  low,  flat  country,  which  is  traversed  by  St. 
Francis  River.  A  large  area  in  the  northeastern  part  is  covered  by 
shallow  lakes,  which  were  caused  by  the  general  sinking  of  the  land 
during  the  earthquake  period  of  1811-12.  Crowleys  Ridge  extends 
across  the  county  in  a  north-south  direction  just  west  of  the  center. 
The  country  west  of  the  ridge  is  a  flat  slash  land  sloping  to  the  south 
and  west.  The  elevations  along  the  St.  Louis,  Iron  Mountain  and 
Southwestern  Railway,  in  the  western  part  of  the  county,  are  from 
7  to  24  feet  higher  than  corresponding  points  in  the  same  latitude 
along  the  St.  Louis  and  San  Francisco  Railroad  in  the  eastern  part 
of  the  county. 

The  Tertiary  sands  and  clays  outcrop  in  deep  ravines  and  in  roads 
along  the  sides  of  Crowleys  Ridge,  in  the  vicinity  of  Harrisburg, 
and  doubtless  at  other  places  on  the  east  side  of  the  ridge.  The  top 
of  the  ridge  at  Harrisburg  is  107  feet  (barometric  reading)  above  the 
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elevation  of  the  town  at  the  foot  of  the  ridge.     The  following  is  a 
section  of  the  hill  along  the  road  leading  east  from  the  town: 

ASccUati  of  Crowleys  Ridge  at  Harrishurg. 

Feet. 

Yellow  clay  ((\)liiiubia)  on  top  of  ridgo 30 

Stratified  sand,  variegated  in  color,  interbedded  vrith  gray  joint 

plastic  clay 65 

Unexpoped  detritus  to  foot  of  hill 12 

A  record  of  one  of  the  wells  in  the  town  at  the  foot  of  the  ridgo 
gives  the  following  section: 

Section  of  well  in  town  of  Earrisburg. 

Feet. 

Red  to  yellow  clay,  with  some  gravel 40 

Blue  gumbo  clay  free  from  sand,  with  small  vein  of  water  on  top. .  25 

Very  fine  rod  dry  sand,  which  caves  badly 40 

Dark-blue  or  slate-colored  sandy  clay,  containing  small  fragments 

of  leaves,  shells,  and  rotten  wocxl;  gives  I) ad  odor  to  water 50 

Blue  sand,  water  bearing 30 

CLAY  DEPOSITS. 

The  surface  clay,  which  is  40  to  50  feet  thick  at  foot  of  the  ridge 
at  Harrishurg,  is  only  about  10  feet  thick  at  L'Anguille  River,  4 
miles  west  of  town.  It  changes  from  a  reddish  yellow  at  the  foot 
of  the  ridge  to  white  at  L'Anguille  River.  In  places  it  forms  buck- 
shot soil. 

The  surface  yellow  clay  on  the  top  and  sides  of  the  ridge,  and 
also  the  surface  clay  in  the  lowlands  as  far  we^t  of  L'Anguille  River, 
are  well  suited  to  the  manufacture  of  common  wet  or  stiff-mud  and 
dry-pi^sed  bricks.  The  blue  Tertiary  clay  that  outcrops  well  up 
on  the  side  of  the  ridge  would,  with  proper  manipulation,  doubtless 
make  an  excellent  face  brick.  The  following  analyses  are  made 
from  brick  clay  at  Harrishurg,  Poinsett  County: 

Atialysfis  of  brick  earth  from  the  surface,  Harrishurg, 
[Dried  at  110°  115**  ('.    Bnickett  *  Smith,  analysts.] 

Silica  (SiOa) 81.79 

Alumina  ( AI2O3) 9.37 

Iron  oxide  ( FejOs) 4. 03 

Manganese  ( MnO) Trace. 

Lime  (CaO) 31 

Magnesia  (MgO) 38 

Potash  (K^O)  (by  differenre) 86 

rx)SH  on  ignition 3. 26 

100.00 
Air-<lrie<l  Han<l  in  air-dritnl  (rlay 30. 92 


*  • 
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Brick  earth  at  depth  of  4  feet,  IJarruhurg. 
[Dried  at  n0°-n5°  C.     Brackett  A  Smith,  nnalysts.] 

Silica  (SiOj) 81.37 

Alumina  (Al^O,) 8. 52 

Iroii(Fe30,) 2.88 

Manganese  (MnO) 1 .  01 

Lime(CaO) 44 

Magnesia  (MgO) 50 

f^^^J^!p)--l  (by  difference) 2.40 

SodamajO)...!  ^  ^ 

Jjom  on  ignition 2. 88 


V 


100.00 
Air-dried  sand  in  air-dried  clay 28. 08 

Analyti*  of  clay  from  an  old  clay  pit  at  Harrishurg  in  sec.  25,  T.  It  JV.,  R.  3  E. 

[Sample  dried  at  n(f-\\b'*  (\    R.  N.  Hrackett,  analyst.] 

Silica  (Si02)  (free  and  combined) 75. 93 

Alumina  (Al^Oj) 11. 05 

Iron  oxide  (FeaO,) 6. 10 

Lime(CaO) 67 

Magnesia  (MgO) 76 

Potash  (KjO) 72 

Soda(Na30) 63 

Phosphoric  acid  (PjOj) 20 

Loss  on  ignition 4. 56 

100.62 
Air-dried  sand 37. 62 

The  large  amount  of  iron  oxide  and  small  amount  of  lime  will  give 
a  deep  red  colored  product. 

The  following  analysis  was  made  from  the  loe^s  brick  clay  which 
came  from  the  top  of  Crowleys  Ridge,  a  short  distance  north  of 
Spencer  Creek,  in  Poinsett  County : 

9 

«        Analysis  of  loess  from  Crowleys  Ridge  north  of  Spencer  Creek. 
[Dried  at  110<'-115o  C.    Brackett  &  Smith,  analysts.] 

Silica  (SiOj) 85.83 

Alumina  (AljOs) 7. 50 

Ferric  oxide  (FeaOa) 2. 66 

Ifanganese  (MnO) Trace. 

Lime(CaO) 32 

Magnesia  (MgO) 35 

Alkalies  (by  difference) 1. 16 

on  ignition 2. 18 


100.00 
Air-dried  sand  in  air-drie<l  soil 04. 80 

« 

There  is  a  striking  similarity  in  the  appearance  of  surface  clay  on 
top  of  Crowleys  Ridge  at  Spencer  Creek  and  the  yellow  clay  that 
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occupies  the  surface  of  the  country  between  Crowleys  Ridge  and 
L^Anguille  River,  west  of  Ilarrisburg.  The  similarity  is  made  more 
evident  by  comparing^  the  analysis  of  the  loess  above  given  and  the 
one  following. 

Aiuihj»is  of  upiyer  layer  of  the  ^^btwkshot  land'*  from.  Ilarrisburg^  sec.  it5,  T.  U  N.,  R.  S  E, 

[R.  N.  Brackett,  analyst.] 

Silica  (SiOa) 87.50 

Alumina  (AI2O3) 6. 10 

Inm  oxide  (FegOj) 2. 69 

Lime(CaO) 63 

Magnesia  (MgO) 36 

Potash  (K2O) 38 

SodaCNajO) .65 

Phosphoric  acid  (P20ji) 13 

lioas  on  ignition 1. 95 

■ 

100.49 
Air-<lriod  wand 77. 48 

CLAY  INDUSTRY. 

C\)nini()n  wet-mud  bricks  are  made  by  W.  P.  Lancaster  and 
J.  B.  Iluev  at  Ilarrisburg.  The  product  is  made  from  the  reworked 
Columbia  or  loess,  which  is  8  feet  thick.  The  clay  is  tempered  in 
soak  pits,  molded  by  horsepower  machinery,  dried  on  pallet  and  racks, 
and  burned  in  up-draftscove  kilns.  The  plant  has  a  capacity  of  8,000 
bricks  a  day.  Five  to  six  days  are  required  for  drying,  and  ten  to 
twelve  days  for  buminjic.  The  jirreen  bricks  can  not  be  taken  from 
the  molds  and  placed  in  the  sun  immediately. 

POPE  COUNTY. 

GENERAL  GEOLOGY. 

A  part  of  Pope  County  and  all  of  the  other  counties  farther  west 
alonir  Arkansas  River  lie  within  the  area  of  the  Carboniferous  coal- 
beariuir  rooks.  The  coal-bearintr  rocks  in  these  counties  do  not  differ 
irn*atlv  fn>m  thost^  in  Conwav.  Faulkner,  White,  and  Pulaski  counties 
farther  east,  when*  coal  is  not  pn\^mt.  but  the  presence  of  the  coal 
beds  aiKIs  another  factor  that  must  Ih^  taken  into  account  in  dealing 
with  the  clavs  and  clav  industries. 

The  coal-lH^ariujr  rix^ks  in  Pi>|H*  County  and  the  counties  to  the  west 
art*  foKleil  like  thost*  of  the  n**rion  to  the  east  and  southeast;  in  places 
thest*  foUls  art*  sharp,  in  others  they  art*  i]:i*ntie.  The  clay  shales  are 
inierlH*ildt*d  with  sandstones  and  with  coal.  As  a  rule  thev  are  com- 
pact  whort*  thev  lie  under  other  lH*ds.  but  where  they  hare  been 
e\|Hvs**d  for  a  loui:  time  to  the  weather  they  Unvme  Si>ft  and  plastic. 
In  color  thev  vary  frvun  alnu^t  black  thrtni&;h  various  shades  of  gray. 
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and  weathering,  become  gray,  yellow,  or  red.  Among  these  clay 
shales  that  are  associated  with  the  coal  seams  the  refractory  clays  are 
found. 

In  Pope  County  the  sandstone.s  usually  cap  hills  or  form  ridges, 
just  as  they  do  in  the  counties  farther  east  and  south,  while  the  shales 
as  a  rule  underhe  the  valleys. 

The  sandstone  ledge  that  forms  the  abrupt  edgewof  Carrion  Crow 
Mountain  from  Atkins  to  Galla  Creek  is  widespread  in  western  Arkan- 
sas, and  was  called  by  the  Arkansas  Geological  Survey  the  Hartshome 
sandstone,  from  Norristown  Ridge,  southwest  of  Russellville.  This 
bed  passes  around  the  north  side  of  Carrion  Crow  Mountain  and 
forms  the  low  hills  from  2  to  4  miles  north  of  Russellville.  It  also 
forms  the  rim  of  Tucker  Mountain,  from  4  to  8  miles  north  of  Russell- 
ville, and  crosses  Illinois  Creek  to  form  tlie  escarpments  of  Illinois 
Ridge,  west  of  that  stream.  South  of  Tucker  Mountain  the  rocks 
are  bent  into  a  trough  or  synclinal  fold,  and  the  Hartshorne  sandstone 
bed  is  tipped  up  on  edge  to  form  Ouita  Ridge. 

The  same  bed  of  sandstone,  after  passing  southward  beneath  the 
Ouita  coal  basin,  comes  to  the  surface  again  to  form  Norristown 
ISIountain  and  Dardanelle  Ridge  and  also  Reeds  Ridge,  northeast  of 
the  ferry  at  Dardanelle.  Special  attention  is  called  to  this  particular 
\>ed  of  sandstone  because  it  furnishes  the  key  to  the  structural  geology 
of  Pope  County. 

No  workable  coal  is  known  in  Pope  County  below  the  Hartshorne 
sandstone,  though  there  is  a  bed  18  inches  thick  below  it  in  Carrion 
Crow  Mountain.  The  coal  of  the  Ouita  basin  and  that  of  the  Shinn 
mines,  south  of  Russellville,  overlie  it.  If  the  Ouita  bed  existed  about 
Carrion  Crow  Mountain  it  would  be  on  top  of  the  mountain,  not  on 
its  flank.  The  Ouita  coal  bed  lies  south  of  Ouita  Ridge  because  the 
sandstone  dips  southward,  forming  a  basin  or  trough  whose  southern 
edge  is  Dardanelle  Ridge.  The  Shinn  mines  lie  north  of  Reeds  Ridge 
because  the  sandstone  of  that  ridge  dips  northward. 

Important  beds  of  shale  and  fire  clay  he  both  above  and  below  the 
Norristown  sandstone.  The  shale  above  the  Hartshome  sandstone 
has  been  called  the  Spadra  shale,  because  it  occurs  typically  at  the 
Spadra  coal  mines.  The  Ouita  coal  bed  at  tliese  mines  and  the  same 
bed  at  the  Shinn  mines  is  in  the  Spadra  shale,  near  its  base.  The 
Spadra  shale  is  mostly  a  clay  shale,  though  it  is  usually  more  sandy 
toward  the  top,  and  varies  in  thickness  from  100  to  500  feet.  The 
shales  on  the  top  of  Carrion  Crow  Mountain  belong  to  this  set  of  beds. 
They  everywhere  accompany  the  Ouita  coal  bed  and  dip  as  the  coal 
dips.  Starting  at  IlUnois  Creek  in  sec.  29,  T.  8  N.,  R.  20  W.,  these 
shales  cover  the  whole  area  lying  between  Ouita  Ridge  and  Dardanelle 
Ridge  and  west  of  Norristown  Mountain.     Below  the  Ouita  coal  bed — 
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that  is,  between  the  coal  and  the  Hartshome  sandstone — ^lie  3  to  5 
feet  of  fire  clay  and  shale. 

Below  the  Hart^homQ  sandstone  there  is  a  thick  deposit  of  shale. 
The  relations  of  this  bed  to  the  Hartshome  sandstone  are  well  shown 
in  the  following  section  of  Carrion  Crow  Mountain  just  north  of  Atkins: 

Section  of  Carrion  Crow  Mountain. 

Ft.  in. 

HartshoriH^  Handatono 45-180 

Shal<' 180-190 

Coal 18 

Shal(» 160-200 

This  shale  can  he  traced  throughout  Pope  County,  in  wliich  it 
everj'where  underlies  the  Hartshome  sandstone.  It  lies  along  the 
upper  flank  of  Carrion  Crow  Mountain  and  of  Tucker  Mountain. 
Where  Mill  Creek  cuts  through  Ouita  Ridge  it  is  well  exposed  below 
the  Hartshome  sandstone  to  a  thickness  of  about  300  feet. 

This  shale  is  underlain  by  a  sandstone,  and  this  in  turn  by  still 
ai^other  shale.  This  last  shale  underlies  the  town  of  Russellville. 
The  overlying  sandstone  does  not  seem  to  exist  in  the  vicinity  of 
Russellville,  or  if  it  does  it  is  thin  and  unimportant.  The  great 
thickness  of  shales  between  the  town  of  Russellville  and  Norristown 
Mountain  therefore  extends  up  to  the  lap  of  the  Atoka  formation. 
These  shales  probably  have  a  thickness  of  200  to  400  feet  in  the 
vicinity  of  Russellville.  They  form  the  lower  flank  of  Carrion  Crow 
Mountain,  and  the  thin  bed  of  coal  there  exposed  is  in  these  shales. 
They  are  well  exposed  on  the  Russellville-Dover  road  just  south  of 
Baker  Creek  arid  also  along  the  west  side  of  the  same  road  along  the 
base  of  Tucker  Mountain.  Buck  Mountain,  in  T.  9  N.,  R.  19  W.,  is 
made  of  this  shale,  and  in  that  mountain  it  has  a  measured  thickness 
of  375  feet.  Iron  Ore  Mountain,  in  T.  8  N.,  R.  18  W.,  is  also  made 
up  principally  of  this  shale. 

CLAY  DEPOSITS. 

No  analyses  or  tests  have  yet  been  made  of  the  clay  shales  of 
Pope  County.  Where  valuable  shales  are  closely  associated  with 
workable  coal  beds,  or  even  with  coal  beds  which  alone  are  not 
workable,  it  sometimes  becomes  economically  possible  to  mine  the 
coal  and  some  of  the  shale  together,  with  a  view  to  utilizing  the  latter. 
There  is  no  doubt  that  there  are  in  Pope  County  enormous  quantities 
of  shales  available  for  the  manufacture  of  paving  bricks,  sewer  pipe, 
and  fire-clay  goods.  The  occurrence  of  such  raw  materials  in  con- 
nection with  abundant,  excellent,  and  cheap  coal  and  the  cheap  and 
convenient  transportation  afforded  by  Arkansas  River  afford  highly 
favorable  conditions  for  the  building  up  of  important  manufacturing 
industries. 
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Material  suitable  for  brickinaking  covers  a  large  area  around  At- 
kins, extending  from  W.  H.  Murphy^s  old  brickyard  at  the  base  of 
Carrion  Crow  Mountain,  in  the  SW.  }  SE.  }  sec.  20,  T.  7  N.,  R.  18  W., 
eastward  over  several  sections.  This  material  varies  much  in  depth, 
while  at  some  places  its  continuity  is  broken  by  small  gravel  ridges. 

On  the  line  between  the  SW.  }'NW.  }  sec.  4'and  the  SE.  }  NE.  } 
sec.  5,  T.  7  N.,  R.  18  W.,  and  over  the  greater  portion  of  these  lots, 
there  is  a  fine  light-colored  clay  about  4  feet  thick.  It  is  almost 
white  in  color,  although  there  are  spots  of  brown  here  and  there 
toward  the  eastern  side  of  the  area. 

Aiwlynift  a/  clay  from  ifn:  .'>.  T.  7  A'.,  A*.  IS  IT. 
(Uraclcett  <fc  Smith,  analyHts.] 

Silica  (SiOj) 90.49 

Alumina  (AljOj) 5. 22 

Ferric  oxide  (Fe.Oa) 1. 38 

Lime  (CaO) 

Magnesia  (MgO) 

Potash  (KjO) 

SodaCNa^O) 

Loas  on  ignition 3.12 


Trace 


1()0.21 

Fine  sand  specimen 30. 53 

Water  at  110*»-115^  C 1 .  60 

In  the  NE.  }  SE.  J  sec.  26,  T.  7  N.,  R.  19  W.,  there  is  an  area  of 
about  10  acres  containing  a  soft  brown  and  blue  argillaceous  shale, 
showing  an  exposure  of  2  feet  in  the  side  of  a  creek.  These  shales 
are  very  soft  and  can  readily  be  worked  into  a  clay  for  the  manu- 
facture of  fire-clay  goods. 

The  clays  around  Russellville  var>"  in  color  from  a  yellowisli  brown 
to  an  ashen  white,  according  to  the  position  of  the  material  in  the 
bed.  In  general  the  surface  clay  is  darker  than  the  underlying 
material.  This  difference  in  color  varies  in  different  places.  In  sees. 
8  and  9,  T.  7  N.,  R.  20  W.,  the  upper  clay  is  yellowish  brown  and 
varies  in  depth  from  1  foot  on  the  southern  side  of  those  sections  to 
3  feet  along  the  bank  of  the  creek  that  flows  northeastward  past 
Russellville.  The  lower  division  of  this  clay  as  exposed  in  tlie  l)ank 
of  the  creek  is  pale  yellow,  almost  white,  and  contains  a  great  quan- 
tity of  nodules  of  iron. 

This  buckshot  clay  rests  immediately  on  the  dark-blue  argilla- 
ceous shales  of  the  coal-bearing  rocks  and  varies  in  thickness  from  1 
foot  to  5  or  6  feet.  On  the  slight  ridge  immediately  south  of -Russell- 
ville, in  the  NW.  J  sec.  9,  it  is  not  more  than  1  foot  thick,  but  in  the 
land  along  the  creek  and  between  tlie  Little  Rock  and  Fort  Smith 
Railway  and  the  Dardanelle  Railway  it  shows  a  thickness  of  6  feet. 
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A  short  distance  north  of  Russellville  the  thickness  is  reduced  to  3 
or  4  feet. 

In  area  this  clay  covers  sees.  4,  5,  and  9  and  the  greater  portion  of 
sec.  8,  T.  7  N.,  R.  20  W.  It  is  also  scattered  through  sees.  10,  11, 
12,  13,  and  14  of  the  same  township  and  range.  At  Galla  Creek 
station  on  the  Little  Rock  and  Fort  Smith  Railway,  in  sec.  19,  T.  7 
N.,  R.  19  W.,  it  appears  as  a  dark-yellow  clay. 

CLAY  INDUSTRY. 

Common  bricks  are  made  by  the  Mena  Brick  Company  at  its  plant 
2  miles  southwest  of  Mena  from  a  thin  bed  of  clay  overlying  the 
shale.  The  clay  is  partly  residual,  since  it  contains  many  fragments 
of  shale.  The  clay  is  first  run  through  a  Success  crusher,  then 
through  a  pug  mill  of  the  same  make,  and  finally  through  a  stifF-mud 
machine.  About  4,000  bricks  are  made  daily.  The  machine  is  run 
by  a  40-horsepower  engine.  Usually  10  men  are  required  to  run  the 
plant — two  men  in  the  pit,  two  feeders  (one  to  temper  the  clay),  one 
Sander,  two  off-bearers,  and  two  truckers.  About  one-half  of  the 
time  is  employed  in  molding  and  one-half  in  burning. 

Another  plant  belonging  to  the  same  company  is  located  IJ  miles 
from  Mena,  but  it  will  probably  be  sold  and  removed  to  De  Queen. 

There  is  a  brick  plant  at  Russellville,  known  as  the  Russellville 
brick  works,  but  nothing  further  is  known  concerning  it. 

There  is  a  small  brick  plant  at  Atkins,  with  a  capacity  of  5,000  to 
6,000  a  dav.  The  bricks  are  made  by  hand  and  burned  in  common 
scove  kilns.  It  requires  from  two  to  five  days  for  drying  and  ten  to 
twelve  days  for  burning.  The  bricks  are  made  from  the  residual 
clay  of  the  Paleozoic  rocks.  The  size  of  the  molds  is  9  by  4  by  2i 
inches;  when  burned  the  bricks  measure  8i  by  3f  by  2}  inches. 

PRAIRIE  COUNTY. 

GENERAL  GEOLOGY. 

The  southern  half  of  Prairie  County  lying  west  of  White  River  is 
level  prairie  land.  The  part  that  lies  north  of  township  2,  with  the 
exception  of  a  small  area  around  Desarc,  is  chiefly  wooded  ''slash 
land.''  The  soil  of  the  country^  east  of  AVliite  River  is  entirely  allu- 
vial, and  the  surface  stands  but  a  few  feet  above  the  low-water  mark 
in  White  River. 

Throughout  the  county  White  River  has  formed  a  bluff  of  varying 
height  along  its  west  bank.  At  Devall  Bluff  the  level  of  the  prairie 
land  west  of  the  river  is  25  to  40  feet  higher  than  the  high-water 
mark  in  the  river.  The  elevation  of  tlie  depot  at  Devall  Bluff  is  186 
feet,  or  about  7  feet  lower  than  the  depot  at  Helena. 
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The  strata  west  of  White  River  are  of  late  Quaternary  age.  The 
surface  material  of  the  prairie  land  is  a  reddish  clay  loam  or  gray 
buckshot  clay.  On  the  higher  ridges,  where  water  does  not  stand 
for  any  great  period,  the  surface  clay  and  subsoil  is  a  red  clay  very 
similar  to  the  second-bottom  or  terrace  clays  along  the  west  side  of 
Crowleys  Ridge  in  Lee  and  Phillips  counties.  In  the  low  slash  lands, 
which  are  covered  with  water  for  several  months  during  the  year,  the 
surface  clay  was  doubtless  originally  the  same  kind  of  material  as 
that  on  the  prairie  lands.  But  the  iron  oxide  of  the  prairie  «oils  has 
been  segregated  into  small  limonitic  concretions,  which  have  received 
the  local  name  of  buckshot.  The  soils  of  the  slash  lands  are  there- 
fore more  or  less  leached  and  have  a  white  to  grayish  color. 

The  character  of  the  strata  found  in  wells  and  in  the  bluff  at  Devall 
Bluff  is  shown  in  the  following  sections: 

Section  of  bluff  at  Devall  Bluff. 

Feet. 

Yellow  day  loam,  in  places  buckshoty 10 

Stratified  reddish  sand,  very  fine  grained 8 

Red  plastic  day  to  bottom  of  gully 3 

The  yellow  smrface  clay  is  used  here  for  making  brick.  In  the 
;yrairie  land  at  Tollville,  6  miles  southwest  of  Devall  Bluff,  the  follow- 
£ng  well  record  was  obtained : 

Record  of  well  at  Tollville. 

Feet. 

Yellow  day 3 

Hardpan,  gray  day 10 

Reddish  clay  grading  into  a  gray  sand 20 

Very  fine  quicksand,  supplying  water 10 

Red  day 50 

Soft  gray  day 4 

Gravd  and  sand:  source  of  water (?) 

Over  much  of  the  prairie  region  there  are  numerous  small  spheroidal 
mounds  which  are  rarely  more  than  2  feet  high  and  50  feet  across  the 
base.  They  are  different  from  the  larger  mounds  of  undoubted  human 
origin.  The  origin  of  these  mounds  has  been  a  great  mystery  to  all 
those  who  have  studied  them.  By  some  they  are  thought  to  have 
been  built  by  Indians,  others  have  considered  them  to  have  been  built 
by  ants,  and  still  others  have  attributed  their  origin  to  natural 
agencies,  as  winds  and  waves. 

CLAY  INDUSTRY. 

Common  building  bricks  are  made  at  Devall  Bluff.  The  Devall 
Bluff  Brick  and  Tile  Company  manufactures  a  stiff-mud  side-cut  brick. 
The  bricks  are  made  from  the  red  surface  clay.    They  will  check  when 
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dried  too  rapidly,  and  therefore  have  to  be  dried  in  covered  shells. 
The  bricks  are  burned  with  wood  in  up-draft  kilns.  The  capacity  is 
5,000  bricks  a  day.  The  output  of  bricks  is  largely  governed  by  the 
local  demand.  They  can  not  compete  with  bricks  made  at  Little 
Rock,  where  convict  labor  is  used  in  the  vards. 

PULASKI   COUNTY. 

GENERAL  GEOLOGY. 

The  northwestern  edge  of  the  Tertiary  beds  crosses  Pulaski  County 
2  or  3  miles  northwest  of  the  Iron  Moimtain  Railway  and  keeps  about 
parallel  with  it  from  Little  Rock  toward  the  southwest.  Northwest 
of  this  Tertiarj^  margin  the  rocks  of  the  coimty  are  much  folded,  and 
are  either  Silurian  or  Carboniferous,  while  toward  the  south  and  east 
they  are  nearly  horizontal  and  are  Tertiary  and  Quaternary.  The 
granites  or  syenites  of  the  Fourche  Mountain  region  are  of  earlier  age 
than  the  Tertiary  sediments  to  the  south  and  east.  They  furnish  the 
kaolins  of  Pulaski  County,  and  have  also  probably  been  the  source  of 
much  of  the  valuable  clays  of  this  and  of  adjoining  counties. 

CLAY  DEPOSITS. 
DISTRIBITIOX. 

But  little  is  known  of  the  details  of  the  distribution  of  the  clays  in 
the  extreme  southern .  part  of  the  coimty.  South  of  the  Fourche 
Mountain  region  the  land  is  low  and  flat,  and  it  is  to  be  expected  that 
ordinary  brick  days  are  sj)read  over  that  part  of  the  county  in  great 
abundance.  In  the  iimnediate  vicinity  of  Foiu'che  Moimtain  there  is 
much  pisolitic  kaolin. 

Pulaski  County  clays  are  best  exhibited  in  the  southwestern  part  of 
the  city  of  Little  Rock,  and  extend  thence  southwestward  to  the  town 
of  Alexander,  on  the  Iron  Mountain  Railway  and  on  the  county  line. 
Anywhere  along  this  Tertiary  margin  a  section  drawn  from  the  Pale- 
ozoic region  on  the  northwest  toward  the  southeast  would  show 
approximately  the  same  geologic  structure. 

FOXTRCHE    MOUNTAIN    DISTRICT. 

The  feldspathic  rocks  of  Pulaski  County  cover  a  total  area  of  8  or  9 
square  miles,  all  in  the  vicinity  of  Fourche  Mountain,  near  Little  Rock. 
White  clays  are  found  over  this  same  area  at  various  places.  They 
also  occur  in  the  township  next  west,  in  the  vicinity  of  Mabelvaley 
where  no  feldspathic  rocks  are  known  at  the  surface.  The  surface 
exposures  are  in  sees.  5  and  9,  T.  1  S.,  R.  12  W.,  and  sees.  2, 10, 11,  and 
12,  T.  1  S.,  R.  13  W. ;  and  clays  have  also  been  found  in  wells  in  sees. 
25,  26,  35,  and  36,  T.  1  N.,  R.  12  W. 


PULASKI    COUNTY.  163 

In  the  NE.  J  and  the  NE.  }  NW.  }  sec.  9,  T.  1  S.,  R.  12  W.,  the 
exposures  of  clay  occur  on  the  middle  Pine  Bluff  road  about  a  quarter 
of  a  mile  south  of  the  end  of  the  turnpike.  It  is  exposed  along  both 
sides  of  the  road  for  a  distance  of  about  300  feet,  and  again  in  the  road 
leading  from  the  main  road  to  D.  Rausch's  house  for  about  250  feet. 
At  these  exposures  the  clay  where  it  is  first  seen  has  a  clark  pearl  color 
and  comes  out  in  angular  blocks  that  are  somewhat  stained  with  iron. 
Nothing  is  known  of  the  depth  or  extent  of  tliis  material,  but  it  is 
probable  that  it  will  be  foimd  clearer  of  iron  stain  at  no  great  distance 
below  the  surface,  for  the  iron  that  coats  manv  of  the  blocks  has 
been  washed  into  the  crevices  from  the  overlying  surface  sands. 
Small  surface  fragments  seem  to  show  that  it  extends  to  the  middle 
of  sec.  8,  the  section  next  we-st  of  that  in  which  these  exposures  occur, 
and  also  into  sec.  10  on  the  east.  In  the  NW.  i  NW.  J  sec.  S  it  is 
said  to  have  been  cut  in  a  well  at  a  depth  of  14  feet.  About  100  feet 
north  of  D.  Rausch's  house  cla}''  mingled  with  syenite  bowlders  is 
exposed  at  the  surface.  A  light-gray  clay  is  also  reported  from  the 
W.  i  NW.  }  sec.  15,  T..  1  S.,  R.  12  W.,  but  the  locality  has  not  been 
examined. 

A  well  in  the  NW.  J  NE.  J  sec.  2  of  this  township  is  said  to  have 
penetrated  white  clay  at  a  depth  of  27  feet.  A  small  exposure  is  also 
reported  at  the  comer  between  sees.  3,  4,  9,  and  10.  Mr.  E.  C. 
Buchanan  reports,  an  outcrop  in  the  SW.  J  SE.  J  sec.  3,  T.  2  S., 
R.  13  W.,  similar  to  that  found  in  sec.  9.  Samples  of  this  kaolin  from 
the  road  near  the  middle  of  sec.  9  were  analyzed  and  subjected  to 
various  practical  tests  in  order  to  determine  its  availability  as  a 
china  clay. 

Analysis 'of  Pulaski  County  kaolinite  from  «<r.  9,  T.  1  *S'.,  R.  J  J  ]r. 

Silica  (SiOa) 1«).27 

Aluiiiiiu^(Al20,) as.  57 

Iron  (ferric)  oxide*  (FfnO,) 1 .  3G 

Lime(CaO) ". 84 

Magnesia  (MgO) 25 

Potash  (KjO) 23 

SodaCNaaO) 37 

Water 13.<)1 

101.00 
Water  at  110^-115''  0 '     1. 57 

It  will  be  seen  that  the  percentaj^e  of  iron  in  this  clay  is  rather  hi||;ch. 
Samples  were  tested  by  practical  potters  at  Trenton,  X.  J.,  with  the 
following  results :  The  bo<ly  of  the  crude  day  burns  a  beautiful  white, 
but  a  great  nimiber  of  rusty  brown  specks  are  scattered  over  this  white 
ground^  the  largest  of  them  one-sixteenth  of  an  inch  in  diameter. 
This  clay  cracks  in  firing,  but  not  enough  to  prevent  its  use  for  fine 
pottery  if  it  were  available  in  other  respects.    The  iron  in  this  ^Ik^ 
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seemed  at  first  to  offer  a  serious  impediment  to  its  avaflability,  but 
some  of  the  material  was  ground  and  thoroughly  mixed  and  made  into 
a  paste  and  tested  by  firing.  The  samples  came  from  the  furnace  in  a 
much  better  condition  than  the  crude  clay — that  is,  it  was  free  from 
the  rusty  brown  specks — but  the  iron  had  only  been  evenly  distributed 
through  the  m&ss,  and  the  result  was  that  the  sample  came  out  with 
an  ivory  color  instead  of  pure  white.  It  takes  the  glaze  well  and  is 
regarded' by  the  potters  as  available  for  such  wares  as  do  not  require  a 
pure  white  bod}'. 

The  clay  at  this  localit}'-  (middle  of  sec.  9)  as  it  comes  from  the 
ground  is  not  plastic,  nor  is  it  soft  enough  to  admit  of  its  being  taken 
out  with  a  spade  or  shovel,  but  it  is  so  hard  as  to  require  crushing.  It 
comes  out  in  angular  blocks  of  various  sizes;  it  is  readily  cut  with  a 
pick  and  has  an  earthy  fracture.  It  is  at  first  of  a  dark-pearl  color, 
but  upon  drying  takes  on  a  cream  color.  The  blocks  from  near  the 
surface  are  covered  with  more  or  le^ss  iron  stain,  but  this  coating  is 
readily  removed,  and  it  probably  does  not  extend  to  any  considerable 
depth. 

Wells  dug  in  sees.  25  and  26  and  35  and  36,  T.  1  N.,  R.  12  W.,  dis- 
close the  existence  of  clay  at  various  depths.  At  a  small  stream  in 
the  orchard  near  William  Tarpley^s  house,  in  the  NW.  }  NW.  }  sec.  36, 
a  well  16  feet  deep  shows  the  following  section: 

Section  in  well  in  sec.  S6,  T.  1  AT.,  R.  12  TT. 

Ft.    in. 

Gravel  and  sand 5 

Iron  ore 2J 

Joint  clay 3 

Kaolinite 8 

Syenite  (?)  at  bottom. 

16    2\ 

In  another  well,  18  feet  deep,  on  the  top  of  the  hill  north  of  the 
well  just  mentioned,  in  the  same  orchard  and  nearer  the  house,  no 
clay  was  found.     The  following  is  a  section  of  this  well: 

Section  in  well  near  William  Tarpley^s  house ^  in  sec.  36 ^  T.  1  N.^  R.  12  W. 

Feat. 
Waterworn  pebbles 6 

Joint  clay 8 

Sandstone 4 

Syenite  at  bottom. 

18 

These  two  wells  are  not  more  than  200  feet  apart  and  the  difference 
of  elevation  between  their  mouths  is  about  30  feet.  It  is  evident 
that  these  clay  beds  are  irregular  in  shape  and  thickness. 

The  clay  found  in  Mr.  Tarpley's  well  is  very  soft  and  almost  milk 
white  in  color.    Small  patches  of  iron  stain  appear  in  places. 
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The  following  is  an  analysis  of  this  clay:® 

Analysis  of  clay  from  Tarpley's  wfll. 

SiUcaCSiO,) 45.28 

Alunftna  (AlaO,) 37. 39 

lion  (ferric)  oxide  (FejOg) ^ 1. 71 

Lime(CaO) 1.83 

Magnesia  (MgO) 29 

Phosphoric  acid  (PjOj) 06 

Water,  after  having  been  dried  at  110«>  G 13. 49 

100.05 

In  the  NE.  i  SE.  i  sec.  35,  T.  1  N.,  R.  12  W.,  on  the  farm  of  J.  M. 
Dickinson,  a  well  48  feet  deep  gives  the  following  section : 

Section  of  well  in  sec.  S5,  T.  1  N.,  R.  12  W. 

Thin  gravel  at  top.  Feet. 

Red  clay 16 

White  clay 1 

Yellow  pisolite  (bauxite  ?) 6 

White  clay 25 

48 

Water  was  obtained  before  the  last  body  of  clay  was  passed  through. 
Its  actual  thickness  in  this  well  is,  therefore,  not  known. 

In  Mr.  Dickinson's  yard,  about  100  feet  east  of  this  well,  another 
well  shows  clay  at  23  feet.  In  the  latter  well  the  yellow  pisolite 
appears  at  16  feet  and  the  1-foot  band  of  white  clay  seen  in  the  48- 
foot  well  is  absent.     The  following  is  a  section  of  this  well : 

Section  in  well  at  house  of  J.  M.  Dickinson. 

Thin  gravel  at  top.  Feet. 

Red  clay 16 

Yollow  pisolite  (bauxite  ?)...'. 6 

Eaolinite  in  bottom 1 

23 

The  difference  in  elevation  of  the  mouths  of  these  two  wells  is  not 
more  than  4  feet.  The  specimens  of  clay  obtained  from  the  48-foot 
well  are  of  grayish-white  color  and  show  iron  stains  on  the  surface. 
There  are  signs  of  clay  at  the  fork  of  the  roads  in  the  XE.  }  sec.  26, 
but  no  systematic  search  has  been  made  to  ascertain  whether  it 
occurs  in  quantity  or  of  a  quality  that  will  render  it  valuable. 

In  the  neighborhood  of  Sweet  Home  station,  in  sec.  25,  T.  1  N.,  R. 
12  W.,  several  wells  are  said  to  have  passed  into  a  white  pipe  clay, 
probably  the  white  clay  found  in  the  village  half  a  mile  west  of  the 
station. 


a  This  analysis  was  made  by  Mr.  W.  R.  Cravens  under  tlie  dirfvtion  of  Dr.  T.  C.  Van  Nuys,  pro- 
fessor of  chemistry  at  the  University  of  Indiana. 
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Those  who  may  seek  for  clay  in  the  Fourche  Mountain  district 
should  bear  in  mind  that  it  is  not  likely  to  be  found  on  the  hilltops, 
but  rather  in  the  lower  grounds,  where  the  rocks  are  kept  constantly 
saturated  with  the  acid  waters  by  which  decomposition  is  produced. 
It  is  surmised  that  places  favorable  to  the  formation  of  clay  beds  may 
be  found  in  the  northern  part  of  sec.  3,  T.  1  S.,  R.  12  W. 

It  should  be  added  that  at  several  places  the  lower  portions  of  the 
bauxite  beds  of  Pulaski  County  grade  into  clays. 

MABELVALE    DISTRICT. 

The  Mabelvale  district  lies  about  halfway  between  the  Fourche 
Mountain  district,  south  of  Little  Rock,  and  the  Saline  County  dis- 
trict. No  feldspathic  rocks  have  been  observed  in  the  immediate 
neighborhood  of  Mabelvale,  but  a  band  connecting  the  Fourche 
Mountain  and  the  Saline  County  areas  would  embrace  Mabelvale. 
This  fact  and  the  existence  of  bauxite  seem  to  suggest  the  probability 
that  syenites  exist  Hot  far  beneath  the  surface  in  the  'dcinity  of 
Mabelvale.  The  clays  in  this  district  are  all  more  or  less  pisolitic, 
and  are  believed  to  be  simply  the  kaolin  varieties  of  bau^te.  Their 
chemical  composition,  however,  seems  to  suggest  the  possibility  that 
some  of  them  may  be  available  as  china  clays. 

On  the  middle  of  the  east  side  of  the  NW.  }  sec.  10,  T.  1  S.,  R.  13 
W.,  about  150  yards  south  of  the  west  end  of  the  railway  siding  at 
Mabelvale  stati(m,  on  the  St.  Louis,  Iron  Mountain  and  Southern 
Railway,  there  is  a  deposit  of  bauxite  which  merges  into  pisolitic  clay, 
the  two  covering  about  25  iicres.  The  material  outcrops  at  many 
points,  but  it  is  concealed  for  the  most  part  by  a  thin  covering  of  sand 
and  pebbles  and  nodules  of  sandy  limonite.  The  covering  becomes 
gradually  more  abundant  toward  the  higher  ground  and  thins  out  on 
the  margins  of  the  knolls.  But  little  is  known  of  the  actual  area 
covered  by  the  clay.  A  well  said  to  have  been  dug  92  feet  deep  at 
the  house  of  J.  W.  Hopkins,  within  300  feet  of  the  western  outcrop, 
is  reported  to  have  penetrated  S  feet  of  soil  and  then  "soapstone,'' 
or  gray  clay,  all  the  rest  of  the  way. 

The  following  analysis  shows  the  character  of  the  clay  from  the 
Mnbolvale  locality : 

Anahjsix  of  piHolitic  chiij  from  SK.  \  \\V.  \  ntc.  10,  T.  1  5.,  R,  tS  W, 

fMnickott  A  Smith,  nnalysts.] 

Silica  (SiO,) 46. 20 

Alumina  lALO^j 87.60 

\nm  ( f(»rri(' )  oxidt*  <  Ko ,( );, ) S.  00 

\Auw  (CaO^ 89 

MajriuHiia  ( Mi?( ) ) Trace. 
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Potaah  (Kfi) 0. 06 

SodaCNaaO) 69 

Water  (loss  on  ignition) 13. 54 

100.98 

Very  fine  aand 25 

Water  at  lia>-115*>  ( 6^ 

This  contaiiis  a  large  amount  of  iron,  but  it  is  probable  that  mate- 
rial found  at  greater  depth  will  contain  less  iron  than  that  nearer 
the  surface. 

White  pisolitic  clay  is  also  exposed  in  the  NE.  }  NE.  }  sec.  10,  less 
than  half  a  mile  southeast  of  the  railway  station.  This  material 
crops  out  in  the  road.  Just  south  of  the  road,  about  15  paces  from 
it,'  a  well  was  at  one  time  put  down,  and  the  following  is  reported 
as  the  section  passed  through: 

Section  in  well  in  sec.  10,  T.  1  S.,  R.  IS  W. 

Feet. 

Yellow  clay  soil  (dug) 3 

Pisolitic  clay  (dug) 14 

Pisolitic  clay  (bored) 14 

31 

The  clay  was  not  penetrate4  at  this  depth,  so  that  its  total  thick- 
ness is  not  known.  This  well  record  is  also  said  to  bear  out  the  sug- 
gestion that  the  clay  becomes  softer  and  cleaner  as  the  depth  increases. 
The  extent  of  this  deposit  is  not  known,  but  it  probably  does  not 
exceed  5  acres. 

The  analysis  given  below  shows  that  this  material  contains  less 
iron  than  the  sample  taken  near  Mr.  Hopkins's  place,  in  the  same 
soction.  • 

Afudyns  of  jmoUHc  clay ,  NE.  \  NE.  \  sfc  10,  T.  t  S.,  R.  tS  W. 

Silica  (SiOj) 48. 05 

Alumina  (AI2O3) 38.  92 

Iron  (ferric)  oxide  (FeaC),) 1 .  19 

Lime(CaO) 58 

Magnesia  (MgO) 45 

Potash  (K2O) 18 

5oda(NaaO) 28 

Water  (loss  on  ignition) JO.  8r) 

100.51 
Water  lost  at  llO**-!  15°  C^ 46 

Another  deposit,  which  shows  in  the  form  of  bauxite  at  the  sur- 
face, but  which  will  probably  be  found  to  contain  a  pisolitic  clay  a 
short  distance  below  the  surface,  occurs  in  the  SW.  }  SE.  \  sec.  2, 
T.  1  S.,  R.  13  W.,  and  nearly  or  quite  on  the  line  between  sees.  2  and 
11,  the  greater  part  of  it  lying  between  the  forks  of  the  road  at  this 
point.    The  total  area  covered  by  this  deposit  probably  does  not 
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exceed  4  acres.  Where  this  material  is  exposed  at  the  surface  it  is 
pisolitic,  hardy  and  iron  stained.  A  well  sunk  in  it  showed  that  it 
resembles  the  other  deposits  of  this  region  in  being  softer  and  whiter 
below  the  surface.  The  surface  fragments  have  been  used  somewhat 
for  building  chimneys  and  for  setting  boilers,  to  which  purposes  its 
fireproof  qualities  make  it  well  adapted. 

In  the  SE.  }  SW.  J  sec.  12,  T.  1  S.,  R.  13  W.,  loose  fragments  of 
pisolitic  clay  are  scattered  over  the  surface  and  a  few  small  exposures 
are  visible.  There  are  no  means,  however,  of  knowing  the  nature  or 
extent  of  this  deposit,  but  if  this  kind  of  clay  proves  to  be  valuable 
it  would  be  worth  while  to  prospect  at  this  place. 

The  following  is  the  record  of  a  well  dug  at  Mabelvale,  in  the  NE.  } 
NE.  }  sec.  10,  T.  1  S.,  R.  13  W.,  in  the  yard  of  Mr.  A.  W.  Norris: 

Section  in  \rdl  at  Mabelvale. 

FMt. 

Yellow  surface  clay 5 

Reddish  clay 1 

Dove-colored  joint  clay  or  ''soapstone'*  clay  with  occasioiial  "iron 

pots"  and  some  manganese  streaks 16 

Ferruginous  sandstone • 2 

Black  clay  in  the  bottom. 

24 

The  dove-colored  clay  of  this  section  is  soft  and  unctuous,  and  is 
popularly  knov^Ti  as ''soaps tone."  The  ** iron  pots"  (hollow  masses 
of  iron  ore,  some  a  foot  in  diameter,  resembling  waterwom  cobbler) 
found  in  this  bed  are  so  large  and  so  sparsely  scattered  through 
the  bed  that  they  can  not  seriously  interfere  with  the  use  of  the  clay. 

This  claj'  bed  is  probably  widespread  in  the  neighborhood  of 
Mabelvale,  lying  at  or  near  the  surface.  It  was  passed  through  in  dig- 
ging the  well  in  the  public  square  at  Mabelvale.  The  section  of  this 
well  given  below  is  a  sort  of  average  made  up  from  several  reports, 
which  disagree  somewhat  in  minor  details,  but  not  in  any  essential 
features. 

Section  of  veil  in  public  square  at  }fabelvalr. 

Ft.     In. 

Yellow  surface  clay 5 

••  Soapstone  clay  " 10-15 

Femiginous  sandstone 2 

Black  clay 10 

Limestone g 

Black  clay 10 

The  following  analyses  give  the  composition  of  the  ''soapstone" 
clay  bed.  No.  1  is  an  average  sample  from  the  well  at  Mr.  Norris's 
house.  The  analysis  was  made  by  the  (leological  Sur^'ey  of  Arkansas. 
No.  2  was  sent  for  analysis  by  McCarthy  &  Joyce,  of  Little  Rock,  to 
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Prof.  W.  B.  Potter,  of  St.  Louis.     A  copy  of  the  analysis  was  kindly 
furnished  by  Mr.  Norris. 

Atudyus  of  '"toapstone"  day,  from  well  of  A.  TT.  NorriSy  NW.  \  NE.  }  sec.  10,  T.  1  S., 

R.  13  W, 


1. 


SUIca(SiOs) 

Alttmina  (AlsO«) 

Oxide  of  iron  (FeiO») . . 

Lime(CaO) 

MagneslaJMffO).. 

PoUah(KiO) 

Soda(NaiO) 

Lo88  on  ignition  (HsO) , 


Water  lost  at  ll(r-115<>  C. 
Nosuid. 


2. 


fi5.27 

60.70 

18.75 

19.73 

7.34 

5.94 

.81 

.37 

1.26 

.72 

1.10 
.81 

} 

1.93 

6.88 

10.77 

100,22 

100.25 

9.46 

This  clay  is  convenient  to  transportation  and  well  adapted  to  the 
manufacture  of  paving  bricks,  sewer  pipes,  and  probably  fire  bricks. 
The  beds  are  horizontal,  and  at  points  where  the  surface  is  somewhat 
lower  than  at  Mr.  Norris's  can  be  reached  without  much  stripping. 

The  following  sections  of  wells  in  the  vicinity  of  Mabelvale,  al- 
though evidently  imperfect  and  unsatisfactory,  are  given  for  what 
they  are  worth.     All  references  here  are  to  T.  1  S.,  R.  13  W. 

V.  L.  Cochrane,  in  the  SW.  }  NW.  J  sec.  11,  reports  *'17  feet  of 
fire  clay  and  red  clay.*'  The  so-called  fire  clay  is  possibly  the  same 
as  the  buff  clay  in  Mr.  Norris's  well. 

Mr.  Rowland,  on  the  NW.  }  SW.  \  sec.  11,  reports  ''22  feet  of  fire 
clay  and  red  clay.''  This  section  without  doubt  exposes  the  same 
beds  as  does  that  given  by  Mr.  Cochrane  near  the  blacksmith  shop. 

Mr.  Rowland  also  reports,  from  the  SW.  J  NW.  J  sec.  11,  ''13  feet 
of  fire  clay  and  yellow  clay,  with  from  2  to  4  inches  of  ferruginous 
sandstone  interbedded.'' 

Mr.  S.  E.  Emerson,  in  the  NE.  J  NE.  }  sec.  11,  reports  the  follow- 
ing well  section: 

Section  of  well  in  NE,  \  NE.  \  sec.  11,  T.  1  S.,  R.  13  W. 

Feet. 

Red  clay 3i 

Gray  "fire  clay  and  black  clay" 20 

Gray  clay 18 

These  gray  clays  and  so-called  fire  clays  are  probably  the  same  as 
the  buff  clays  passed  through  in  Mr.  Norris's  well.  If  this  supposition 
is  correct,  these  sections  show  that  the  buff  clay  is  a  widespread  bed, 
underlying  all  the  higher  grounds  east  and  southeast  of  Mabelvale, 
and  probably  a  much  wider  area  still,  while  it  is  cut  out  in  the  low 
grounds  along  the  streams.  Should  there  be  a  demand  for  these  clays 
they  will  be  found  most  accessible  in  sec.  3  and  on  the  lower  grounds 
about  the  bases  of  the  ridges,  where  they  are  not  obscured  by  a  cov- 
ering of  gravel  and  sand  and  soil. 
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LITTLE   ROCK   DISTRICT. 
BRICK  CLAYS 

The  folded  Paleozoic  rocks  pass  beneath  the  city  of  Little  Rock,  and 
on  these  folded  beds  rest  the  Tertiary  clays  and  sands  of  the  south- 
western part  of  the  city.  It  should  be  observed  also  that  the.se  Ter- 
tiary beds  are  nearly  horizontal,  that  they  thin  out  toward  the  north, 
and  that  similar  beds  underlie  the  region  south  of  Fourche  Moun- 
tains. 

At  several  places  in  the  city  of  Little  Rock  the  folded  Paleozoic 
rocks  may  be  seen  standing  almost  on  end.  The  famous  " little  rock  *' 
itself,  on  which  rests  the  south  end  of  the  railway  bridge  at  the  foot 
of  Main  street,  is  a  folded  and  wrinkled  Paleozoic  bed. 

Only  a  few  paces  south  of  the  river  bank  these  older  beds  are  not 
exposed,  but  the  surface  is  made  up  of  loose  materials.  One  of  the 
best  sections  seen  near  the  center  of  the  city  was  exposed  when  the 
excavations  were  made  for  the  foundations  of  the  Masonic  Temple, 
on  the  comer  of  Fifth  and  Main  streets,  in  June,  1890.  The  section 
exposed  was  as  follows: 

Section  in  excavation  for  Masonic  Temph  at  Little  Rock, 

1.  Mottled  red  clays  with  chert  pebbles,  becoming  more  sandy  at 

the  base 7-9 

2.  Reddish-brown  clayey  sand  with  brown  chert  pebbles 2-3 

3.  Red ,  gray,  and  white  mot  tle<l  plastic,  sandy  clay  with  a  few  large 

and    angular   sandstone  fragments   at   the   top   of  the   l>ed 
(exiK>sed  j 3 

The  upper  smface  of  No.  II  is  irregular,  as  if  it  had  been  eroded 
before  the  overlying  beds  were  laid  down  upon  it.  These  are  proba- 
bly the  ovorwashed  portions  of  the  Tertiary  series,  the  equivalents 
of  which  on  the  Atlantic  seaboard  are  called  the  Appomattox  forma- 
ti(m.  These  rehandled  beds  of  mottled  clays,  sands,  and  gravels 
are  found  at  the  surface  in  nearly  every  part  of  the  city.  They  are 
well  exposed  in  the  cuts,  even  on  the  top  of  Capitol  Hill,  in  the  vicinity 
of  the  school  for  the  blind,  and  at  many  other  places.  Below  these 
gravelly  beds  lie  the  undisturbed  Tertiarj'  strata,  which  in  and  about 
Little  Rock  consist  chiefly  of  limestones,  shales,  or  clays,  and  sands. 

Mr.  C.  E.  Siebenthal,  while  in  the  employ  of  the  Arkansas  Survey, 
collected  many  data  regarding  the  geology  of  southwestern  Little 
Rock.  He  is  of  the  opinion  that  there  are  four  pretty  constant  and 
well-defined  beds  in  the  series  of  sediments  resting  upon  the  Paleozoic 
rocks.  These  are,  beginning  at  the  base,  (1)  yellow  calcareous  clay 
or  marl;  (2)  dull  gray  fossiliferous  limestone;  (3)  soft,  dark  unfossil- 
iferous  shale;  (4)  olive-green  clay,  probably  derived  by  weathering 
from  No.  3.  Above  this  type  section  are  found  various  combinations 
of  sands  and  gravels  and  soil. 
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Of  these  beds  the  ones  of  interest  in  connection  with  the  subject 
of  clays  are  the  shale  bed  (No.  3)  and  the  olive-green  clay.  The 
green  clay  is  well  exposed  on  the  Seventh  street  pike,  between  West 
Spring  street  and  West  Sherman  street,  where  it  rests  upon  upturned 
Paleozoic  rocks,  which  are  exposed  at  this  place.  The  following 
exposures  and  well  records  show  the  depth  of  the  shales  and  clays 
at  various  points  in  the  city: 

Section  in  D.  T.  Coffman'%  well,  at  northwest  corner  Eighteenth  and  West  Sherman  stretts, 

Little  Rock. 

Feet. 

1.  Soil,  gravels,  and  white  clay 16 

2.  Soft  shale,  yellow  above,  blue  below _ 14 

West  of  the  railway  the  olive-green  clay  is  exposed  in  the  road  cut 
near  the  Catholic  cemetery,  in  the  gullies  south  of  the  cemetery,  in 
the  gully  west  of  the  hospital,  and  in  another  gully  about  500  feet 
southwest  of  the  hospital.  It  is  also  exposed  in  the  bed  of  the  branch 
just  east  of  the  hospital,  and  also  toward  the  top  of  the  ridge  to  the 
east. 

The  following  is  the  record  of  a  well  put  down  west  of  the  railway, 
about  300  feet  northeast  of  the  center  of  the  south  side  of  sec.  8,  T.  1 
N.,  R.  12  W.,  as  reported  by  Mr.  Siebenthal. 

Section  of  well  in  sec.  S,  T.  1  N.,  R.  12  W. 

Ft.      in. 

Gravel  and  sand 0 

"Mulatto"  olav S 

Gray  clay 10 

Yellow  olav 10 

Gravels  and  sandy  day 8 

East  of  the  railway  near  the  center  of  sec.  16,  T.  1  N.,  K.  12  W., 
there  are  several  exposures  of  the  shale  and  of  the  olive-green  clay. 
On  the  east  slope  of  the  ridge  that  runs  along  the  east  side  of  sec.  16 
this  same  green  clay  is  exposed  here  and  there.  It  is  exposed  also  in 
the  guUies  beside  the  road  leading  southwest  from  the  Arch  street 
pike,  in  the  SW.  \  sec.  15. 

A  well  on  the  east  side  of  the  Arch  street  pike,  200  feet  south  of  the 
northern  edge  of  sec.  15,  passed  through  soil,  gravel,  yellow  clay,  and 
tough  blue  clay,  and  got  water  at  27  feet  in  gravel.  This  clay  bed  is 
probably  the  same  as  that  exposed  in  the  gully  on  the  slope  of  the  hill 
below,  where  the  road  turns  southwest  from  the  Arch  street  pike. 

A  well  at  the  southeast  comer  of  Arch  and  Twentv-third  streets 
passed  through  8  feet  of  gravel  and  sandy  clay  and  10  feet  of  yellow 
and  blue  Tertiary  clay.  This  is  doubtless  the  same  blue  clay  bed 
again. 

At  the  end  of  the  ridge  east  of  the  Rapley  house  and  north  of  Pet- 
tifer's  brickyard  the  olive-green  clays  are  well  exposed  to  a  thickness 
of  40  to  45  feet.     The  olive-green  clay  and  dark  shale  were  found  in 
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wells  and  cisterns  dug  about  Cumberland,  Rock,  Twentieth,  and 
Twenty-first  streets. 

The  following  records  were  gathered  by  Mr.  Siebenthal : 

A  well  at  Fifteenth  and  May  streets  passed  through  the  Tertiary 
shale. 

A  well  near  the  northwest  comer  of  Thirteenth  and  J<mes  streets 
passed  through  10  feet  of  soil  and  gravel  and  18  feet  of  diale. 

A  well  14  feet  deep  at  Fourteenth  and  Marshall  streets  passed 
through  dark  shale  most  of  the  way. 

A  well  at  the  southeast  comer  of  Twenty-seventh  and  Wolfe  streets 
passed  through  10  feet  of  gravel  and  sandy  clay  and  20  feet  of  dark 
Tertiary  shale. 

A  well  on  Mjr.  Robert's  place.  Twenty-second  street,  between  Com- 
merce and  Sherman,  passed  through  19  feet  of  soft  Tertiary  shale, 
and  two  other  wells  in  adjoining  lots  to  the  east  penetrated  60  feet 
of  the  same  soft  shale. 

A  well  at  the  comer  of  Sixth  and  College  streets  passed  through 
30  to  35  feet  of  dark  Tertiary  shale. 

A  well  bored  by  the  Cotton  Belt  Railway  Company  on  Rector  ave- 
nue between  Third  and  Fourth  streets  passed  through  the  following: 

Section  in  well  of  Cotton  Belt  Railway  Company,  Rector  avenue,  Little  Rock. 

Feet. 

Soil 12 

Dark  Tertiary  nhale 20 

PaUK)Z<>ic  shale 29 

Sand  (?) 6 

A  well  on  Ninth  street  opposite  the  arsenal  is  reported  by  the 
digger  to  have  the  following  section: 

Stction  on  Ninth  street  near  tlte  arsenal ,  Little  Rock, 

Fe0t. 

Soil  and  clav 20 

Tertiary  shale 8 

Wliite  gravel 4 

These  facts  and  others  not  here  given  lead  to  the  belief  that  the 
Tertiary  clays  follow  the  brow  of  the  hill  where  the  Arch  street  pike 
descends  the  slope  about  the  middle  of  sec.  15,  encircle  the  narrow 
valley  that  heads  about  the  comer  of  Nineteenth  and  High  streets, 
pass  around  it,  and  thence  extend  southward  along  the  slope  of  the 
hill  that  runs  along  the  east  side  of  sec.  10,  return  northwestward 
along  the  valley  through  which  the  Iron  Mountain  Railway  passes, 
appear  again  in  the  vicinity  of  the  hospital  on  the  west  side  of  the 
railway,  and  thence  around  the  hills  west  of  the  hospital.  Of  course, 
it  is  understood  that  these  beds  are  nearly  horizontal  and  that  they 
pass  right  through  the  hills  mentioned  and  have  their  edges  exposed 
only  on  the  slopes  of  the  ridges.     Almost  everywhere,  however,  the 
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outcrops  are  concealed  by  the  soil  and  surface  materials  that  have 
fallen  down  over  them. 

The  elevation  of  the  outcrop  varies  somewhat,  but  it  lies  for  the 
most  part  between  260  feet  and  302  feet  above  sea  level. 

In  and  near  the  city  of  Little  Rock  there  are  only  a  few  places  at 
which  the  clays  can  now  be  worked  advantageously.  This  condition 
is  due  to  the  value  of  the  land  for  building  purposes,  and  not  to  any 
defect  of  the  clays  themselves.  In  spite  of  this  it  is  possible  that 
there  may  be  places  in  the  southwestern  part  of  the  city  where  the 
clays  could  be  worked,  while  the  nearness  to  market  and  to  trans- 
portation would  be  in  favor  of  such  an  enterprise. 

On  the  south  side  of  the  river  there  is  a  brownish-yellow  brick 
earth  similar  to  that  which  forms  the  surface  in  sec.  28,  T.  2  N., 
R.  12  W.,  overlying  the  other  clays  in  different  places  west  and  south 
of  Little  Rock. 

Between  the  high  shaly  hills  on  which  the  asylum  for  the  insane  and 
the  reservoir  of  the  city  waterworks  have  been  erected  and  the  river 
there  is  a  narrow  strip  of  this  same  brownish-yellow  clay.  It  lies  in 
a  long,  narrow  belt  between  the  hills  and  the  bottom  land  of  the  river. 
At  Ward's  old  brickyard  this  brick  loam  rested  directly  upon  a  red 
sand.     The  section  is  as  follows: 

Section  at  Ward's  old  brickyard,  Little  Rock. 

Feet. 

Brick  earth  removed  at  other  places  in  the  same  belt 2 

Stiff,  hard  red  sand 4 

Light  iron-gray  or  yeUowish  sand 5 

Between  the  point  where  the  St.  Louis,  Iron  Mountain  and  Southern 
Railway  crosses  Sixteenth  street  and  the  outcrop  of  the  blue  shales 
and  quartz  ledge  at  Nineteenth  street  a  small  deposit  of  this  brownish- 
yellow  brick  earth  appears  to  have  been  laid  down  in  a  sort  of  pocket 
among  the  shales,  with  its  opening  toward  the  south.  The  yellowish 
loam  here  has  a  depth  of  about  3  feet. 

Another  small  deposit  of  the  same  material  is  found  on  the  comer 
of  Rector  avenue  and  Eighteenth  street.  Here  the  brownish-yellow 
loam  has  a  thickness  of  2  to  3  feet.  It  is  underlain  by  a  bluish  pebbly 
clay,  mixed  with  sand.  A  well  bored  through  this  clay  shows  it  to 
have  a  thickness  of  19  feet.  It  is  underlain  by  sandy  clay.  The 
underlying  sandy  clay  is  seen  in  the  bottom  of  a  small  stream  that 
mns  along  the  south  side  of  the  old  Bragg  brickyard.  The  clay 
covers  only  a  small  area,  most  of  it  lying  between  gravel  ridges. 

On  Arch  street  between  Twenty-fourth  and  Twenty-sixth  streets, 
at  C.  W.  Clark's  old  brickyard,  the  brick  clay  was  about  2  feet  thick 
before  it  was  exhausted,  and  was  underlain  by  a  stiff,  bluish-red, 
streaked  day  containing  pebbles,  which  is  said  to  be  underlain  by 
graveL 
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The  greater  portion  of  a  well  close  to  Clark's  yard,  23  feet  deep, 
passed  through  gravel,  below  which  lay  black  mud.  Another  well,  16 
feet  deep,  does  not  reach  the  black  mud,  but  ends  in  the  gravel. 

JOINT  CLAYS. 

The  next  clay  b^low  the  brownish-yellow  brick  clay  is  a  stiflF,  hard 
cla}^  having  a  tendency  to  break  into  small  cuboidal  fragments  when 
exposed  to  the  air.  Its  tendency  to  break  is  the  chief  objection  to  its 
use  for  manufacturing  purposes.  Ware  containing  any  of  this  ''joint '' 
clay,  as  it  is  called,  is  likely  to  break  in  drying. 

This  joint  clay  varies  somewhat  in  different  places  as  regards  color, 
having  a  blue  or  red  tint  according  to  its  position,  but  the  color  has 
no  apparent  effect  on  its  texture  or  its  tendency  to  break  when  exposed 
to  the  drying  action  of  the  atmosphere.  It  appears  to  be  very  per- 
sistent, being  found  in  nearly  every  opening  in  the  district  that  passes 
through  the  upper  beds.  It  is  not  confined  to  the  brownish-yellow 
brick-earth  area,  but  underlies  the  chocolate  clay  and  some  of  the 
gravels. 

In  the  district  north  of  the  river  this  joint  clay  is  red  and  is  seen 
in  the  stream  running  through  the  small  bayou  on  the  north  side  of 
Big  Rock,  where  it  underlies  2  feet  of  chocolate  clay.  In  the  wagon 
road  near  the  Fort  Smith  crossing  of  the  St.  Louis,  Iron  Mountain  and 
Southern  Railway  it  varies  from  3  to  5  feet  in  thickness  and  overlies 
a  red  sandy  clay.  In  Mr.  Vestal's  portions  of  sec^.  26  and  27,  T.  2  N., 
R.  12  W.,  it  lies  near  the  surface.  In  the  NE.  }  NE.  J  sec.  17,  T.  2  N., 
R.  11  W.,  the  clay  underljang  the  brownish-yellow  loam  is  very  com- 
pact. 

In  the  NE.  J  NW.  }  sec.  21,  T.  2  N.,  R.  11  W.,  the  clay  underlying 
the  brownish-yellow  loam  is  a  whitish-yellow  and  blue  mixed  sandy 
clay  20  feet  thick  and  rests  upon  12  feet  of  mottled  clay. 

On  the  south  side  of  the  river  a  blue  clay  underlies  the  other  clays 
at  most  places  where  deep  cuttings  have  been  made.  This  clay, 
which  lies  just  below  the  brownish-yellow  surface  clay,  is  a  light-blue 
iron-stained  clay  containing  quantities  of  pebbles  and  sand  and 
nodules  of  limonite. 

The  imderlying  clay  on  the  comer  of  Rector  avenue  and  Eighteenth 
street  is  bluish  gray  and  contains  pebbles.  At  this  place  it  is  19  feet 
thick.  It  is  also  seen  in  the  bank  of  a  small  stream  a  short  distance 
south  of  this  place. 

At  C.  Clark's  old  brickyard  the  brick  earth  is  also  imderlain  by  this 
light-blue  sandy  day.  This  same  blue  clay  extends  southward  over 
the  ground  formerly  used  as  a  brickyard  on  the  south  side  of  Twenty- 
fifth  street. 

In  the  banks  of  the  small  stream  that  runs  through  the  cemetery 
and  westward  across  the  Sweet  Home  turnpike,  close  to  the  Confeder- 
ate soldiers'  cemetery,  there  is  a  heavy  deposit  of  a  stiff,  red  joint  day. 
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On  the  Arch  street  turnpike  a  little  west  of  the  place  where  the  new 
road  joins  the  turnpike  a  bed  of  blue  and  red  mottled  joint  clay  is 
exposed  in  a  gully  washed  out  by  the  rain. 

For  practical  purposes  these  joint  clays  are  not  in  much  demand. 
Their  tendency  to  "  joint''  or  break  up  into  small  blocks' whenever 
exposed  to  the  weather  makes  their  use  difficult  for  any  purpose 
except  with  great  care,  and  even  then  no  reliance  could  be  placed 
upon  them  if  worked  alone. 

If  judiciously  mixed  with  other  clays  they  might  be  used  for  some 
classes  of  ware.  A  mixture  of  the  stiff  red  clay  and  the  bro^^Tiish- 
yellow  surface  clay  has  been  successfully  used  for  making  flower  pots. 
A  few  lengths  of  drain  tile,  turned  upon  the  potter's  wheel,  dried  and 
burned  very  satisfactorily. 

CHOCOLATE   CLAYS. 

The  chocolate  clays  are  found  only  in  remnants  or  patches  in  vari- 
ous parts  of  the  district. 

At  the  union  depot  in  Little  Rock  the  chocolate  clay  fonns  the  sur- 
face of  the  flat  bottom  of  the  cove  in  w^hich  the  depot  is  situated.  It 
has  here  a  thickness  of  2  to  3  feet. 

In  the  small  valley  formed  by  the  stream  crossing  the  Sweet  Home 
turnpike  and  skirting  the  southern  side  of  the  gravel  ridge  in  the  SE.  J 
sec.  11,  T.  1  N.,  R  12  W.,  the  chocolate  clay  is  found  on  both  sides  of 
the  stream  and  has  a  thickness  of  from  1  to  2  feet.  On  the  hill  at 
the  tollgate  between  this  stream  and  Fourche  Bayou,  about  one-half 
mile  from  the  place  just  mentioned,  the  same  bed  of  chocolate  clay 
appears. 

The  following  section  shows  the  relation  of  the  clays  at  this  hill: 

Section  at  hill  at  tollqatc, 

Feot. 

Chocolate  clay 3 

Red  clay 6 

Blue  clay. 

In  Big  Rock  Bayou,  in  sec.  21,  T.  2  N.,  K.  12  W.,  chocolate  clay  2 
feet  thick  oiQ^rlying  a  blue  clay  occupies  the  greater  part  of  the  bottom 
lands  around  the  bayou. 

A  partial  analysis  of  the  clay  northwest  of  the  union  depot  at 
little  Rock  shows  the  following  constituents: 

AnaijftiB  qf  chocolate-colored  clay  north  west  of  union  (kpot.  Little  Rock, 

|J.  P.  Smith,  analyst. 1 

Silica  (SiO,) 70.05 

Alnmina'  CA1,0,) 1 4 .  56 

Fenic  oadde  (FejOj) 6. 20 

lAmedM)) 74 

(MgO) 1.12 
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Potash  (KjO) ,  ^,      ^  .     ^ 

^  ^   '  ^  Not  determined. 


I 


Soda  (Na,0) 

Loss  on  ignition .'..     4.45 

97.12 

Sand,  very  fine,  but  some  coarse  particles 11. 83 

Water  at  110*»-1 15*»  C 4.48 

When  the  chocolate  cla}^  is  washed,  it  makes  a  smooth  paste  of  uni- 
form color.  This  may  probably  form  a  good  base  for  the  manufacture 
of  some  classes  of  terra-cotta  ware,  but  great  care  must  be  taken  to  see 
that  it  is  dried  at  a  uniform  rate  over  all  the  work,  as  otherwise  the  clay 
has  a  tendency  to  break  into  small  blocks. 

A  portion  of  the  chocolate  clay  found  in  the  valley  at  the  union  sta- 
tion was  washed,  and  the  slip  so  formed  was  allowed  to  stand  for  some 
time.  The  surplus  water  was  filtered  ^flF  and  the  whole  was  allowed 
to  stand  for  two  weeks.  On  drying  it  formed  a  smooth-surfaced  even- 
textured  clay  and  retained  its  characteristic  chocolate  color. 

BOTTOM   CLAYS. 

The  bottom  lands  that  lie  along  Fourche  Bayou  and  form  Fourche 
Island  are  ovedain  in  many  places  by  a  dark-bluish  clay.  On  drying 
this  clay  becomes  ashy  gray  and  exhibits  patches  of  iron  or  rust  stains. 
When  wet  the  clay  is  tough  and  plastic,  and  in  drying  it  becomes  hard 
and  shows  a  tendency  to  crack  where  exposed  to  the  heat  of  the  sun. 

An  exposure  of  this  clay  is  seen  in  the  stream  along  the  track  of  the 
St.  Louis,  Iron  Mountain  and  Southern  Railway,  near  the  point  where 
that  road  crosses  Fourche  Bayou,  in  the  NE.  J  SE.  }  sec.  17,  T.  1  N.,  R. 
12  W.  In  this  stream  the  clay  bed  is  about  4  feet  thick  and  extends 
along  the  railroad  for  nearly  a  quarter  of  a  mile.  It  is  also  shown  at 
various  other  places  in  the  cuttings  throughout  the  bottom  lands. 

This  clay  is  comparatively  free  from  sand  and  when  wet  is  ver^' 
tough.  When  worked  properly  it  may  be  used  for  making  a  good 
grade  of  pressed  front  or  ornamental  bricks  and  may  possibly  be  util- 
ized for  the  manufacture  of  ordinary  drain  tile.  In  appearance  and 
texture,  as  well  as  in  position  and  apparent  origin,  this  clay  greatly 
resembles  the  clavs  of  the  bottom  lands  of  Terre  Noir  and  Bradshaw 
creeks,  which  were  formerly  used  in  the  manufacture  of  bricks  and 
drain  tiles  by  Maj.  Jesse  A.  Ross  at  his  brick  and  tile  factory  near 
Arkadelphia. 

In  working  this  clay  considerable  attention  will  have  to  be  paid  to 
its  proper  mixing  and  tempering,  and  also  to  the  dr>''ing  of  the  bricks 
or  tiles  after  they  have  come  from  the  machine. 

This  clay  will  work  better  and  easier  if  dug  in  the  fall  and  worked 
over  during  the  winter  preparatory  to  its  final  tempering  and  manu- 
facture in  the  following  summer.  The  low-lying  position  of  the  pits 
will  require  the  clay  that  is  to  be  thus  worked  to  be  removed  to  a 
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higher  situation,  where  it  will  be  beyond  the  reach  of  the  overflow  of 
the  bayou  during  the  late  winter  and  early  spring  rains.  It  will  be 
an  advantage  to  house  the  clay  in  covered  pits,  where  it  can  be  pro- 
tected from  excessive  wet  and  where  at  the  same  time  it  will  not 
become  too  dry  for  working.  If  it  contains  a  considerable  quantity' 
of  its  natural  moisture,  less  work  will  be  required  in  mixing  and 
grinding  and  a  much  better  final  article  will  be  produced. 

Like  the  other  clays  found  in  the  bottom  lands  of  the  State,  this 
clay  holds  a  considerable  percentage  of  water,  and  at  the  same  time 
it  parts  with  the  water  very  slowly.  For  this  reason  it  will  be  nec- 
essary to  work  this  clay  in  as  dry  a  condition  as  possible.  The  slow 
parting  with  its  combined  water  renders  the  drying  of  the  bricks  and 
tUes  made  of  this  or  similar  clays  a  rather  long  process  and  one  which 
must  be  very  carefully  attended  to.  Such  clays  can  be  best  dried 
under  cover,  in  sheds  so  constructed  that,  as  far  as  possible,  a  uni- 
form amount  of  air  and  heat  will  be  allowed  to  come  in  contact  with 
the  newly  made  bricks  or  tiles  and  strike  them  as  equally  as  possible. 
At  some  seasons  of  the  year,  and  for  reasons  given  above,  an  artificial 
drier  may  probably  be  the  most  advantageous.  Probably  the  drier 
may  be  economically  used  at  all  times,  as  clays  of  this  class  can  not 
be  dried  in  the  air  sufficiently  to  be  ready  for  the  kiln  within  fifteen 
to  twenty  days.  Great  care  must  be  taken  that  the  bricks  or  tiles 
are  sufficiently  dry  before  they  are  placed  in  the  kiln.  If  not  thor- 
oughly dry  when  put  into  the  kiln,  the  bricks  will  crack  and  the  tiles 
have  a  tendency  to  split  longitudinally. 

m'almont  district. 

West  of  the  village  of  McAlmont,  in  the  center  of  sec.  16,  T.  2  N., 
R.  11  W.,  on  the  line  of  the  St.  Louis,  Iron  Mountain  and  Southern 
Railway,  and  in  the  NE.  }  NE.  J  sec.  29,  T.  2  N.,  R.  11  W.,  the  rail- 
way crosses  a  bank  of  clay  running  in  a  northwest-southeast  direction. 
The  northern  boundary  of  this  field  begins  near  Tremble  Lake,  in 
theSW.  i  SW.  I  sec.  9,  T.  2  N.,  R.  11  W.,  and  passes  nortlieastward, 
curving  gently  round  it  until  it  crosses  the  St.  Ix)uis,  Iron  Mountain 
and  Southern  Railway  1  mile  north  of  McAlmont.  It  there  crosses 
the  Memphis  wagon  road  and,  turning  somewhat  abruptly,  comes 
west,  crossing  the  wagon  road  to  Gallowa}',  a  short  distance  east  of 
McAlmont.  The  bank  then  curvgs  round  toward  Ink  Bayou.  It 
follows  the  edge  of  the  bayou  for  some  distance  and  again  crosses  the 
public  road  and  railway  in  the  SE.  J  sec.  20,  T.  2  N.,  R.  11  W.  This 
area  is  overlain  to  a  great  extent  by  a  brighter  colored  loam  than 
that  found  in  the  old  brick  field  around  Argenta,  and  from  appear- 
ances it  seems  capable  of  making  a  finer  brick. 

4S186— BnH.  351—08 12 
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This  bank  is  not  altogether  composed  of  yellowish  loam.  North  of 
McAlmont  the  loam  gives  place  to  a  stiff  clay,  which  changes  in  color 
from  bright  red  to  drab  and  dark  red  as  it  approaches  the  outer  point 
of  the  area  comprised  within  the  above  limits.  This  clay,  although 
differently  colored,  is  apparently  of  the  same  nature.  It  is  plastic, 
greasy  to  the  touch,  and  w^orks  smootldy.  Each  color  works  into  the 
other,  forming  a  perfectly  homogeneous  mass.  A  well  bored  through 
the  red  clay  in  the  SE.  J  SE.  }  sec.  9,  T.  2  N.,  R:  11  W.,  shows  it  to 
have  a  thickness  of  12  feet  and  that  it  rests  upon  fine  sand. 

In  a  ditch  along  the  sule  of  the  railway  and  between  it  and  the 
Memphis  wagon  road  three  beds  are  exposed.  These  clays  are  red, 
drab  or  gray,  and  bright  red.  The  red  clays  at  the  bottom  do  not 
appear  to  have  the  same  texture  as  the  others.  Where  exposed  to 
the  air  these  clays  become  dried  and  show  a  tendency  to  break  up  into 
small  pieces,  somewhat  in  the  same  style  as  the  joint  clay,  but  when 
wet  they  are  stiff  and  tenacious. 

This  clay  bank  follows  the  same  general  course  as  that  just  men- 
tioned. It  begins  at  Clear  Lake,  and  from  that  point  a  mulatto  sand 
succeeds  it  to  the  Galloway  road  at  McAlmont.  West  of  McAlmont 
the  face  of  the  bank  becomes  somewhat  paler  in  its  upper  division. 
The  light-colored  material  forms  no  great  proportion  of  the  bank,  and 
in  the  inany  cuttings  made  by  the  small  streams  and  rain  the  reil  clay 
is  seen  everj'where  underlying  it.  Where  the  bank  is  crossed  by  the 
public  road  west  of  Buchanan's  the  light-colored  and  mulatto  soils 
appear  to  be  wanting  in  the  face  and  are  confined  to  the  middle  level 
of  the  country',  and  form  a  terrace,  the  edge  of  which  is  seen  on  the 
road  a  short  distance  we«t  of  Buchanan's,  where  it  overlies  a  red  silty 
sand  and  has  a  depth  of  3i  feet.  It,  however,  gradually  disappears 
tow^ard  the  west,  and  at  the  old  graveyard  on  the  Little  Rock  and 
McAlmont  wagon  road,  about  2  miles  east  of  the  lower  railroad 
bridge  over  Arkansas  River,  it  is  replaced  by  this  red  sand.  The 
underlying  clays  in  this  field  are  not  easily  determined. 

CLAY  INDUSTRY.  ^ 

The  various  kinds  of  clays  found  in  Pulaski  County  have  already 
been  discussed.  They  include  the  kaolins  of  Fourche  Mountain,  pot- 
tery clays,  clay  shales  suitable  for  the  manufacture  of  paving  bricks 
and  fire  bricks,  and  the  more  common  surface  clays  suitable  for  the 
manufacture  of  common  building  bricks.  Common  brick  day  is  the 
only  clay  in  the  count}"  now  used,  and  Little  Rock  the  only  place 
where  it  is  manufactured  into  bricks. 

There  are  at  present  three  brick  plants  in  Little  Rock  engaged  in 
the  manufacture  of  brick.  One  of  the  largest  plants  is  the  Arkansas 
Brick  and  Manufacturing  Company,  established  in  1897.  The  plant 
is  well  equipped  with  modem  machinery  for  molding,  diying,  and 
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burning.  Stiff-mud  and  dry-pressed  bricks  are  made.  The  stifF- 
mud  bricks  are  molded  in  a  Chambers  machine  and  the  dry-pressed 
bricks  in  a  Ross-Keller  dry  ptess.  The  bricks  are  dried  in  a  Standard 
drier  and  burned  in  Swift's  patent  up-draft  grate  kilns.  It  requires 
forty-eight  hours  to  dry  and  eight  to  ton  days  to  bum  the  bricks. 
Ten  kilns,  72  feet  by  24  feet  inside  measurement,  are  in  use.  The 
output  of  the  plant  is  150,000  stifF-mud  and  25,000  dry-press  bricks 

a  day. 

ST.  FRANCIS   COUNTY. 

GENERAL  GEOLOGY. 

St.  Francis  County  is  divided  into  three  natural  subdivisions — 
(1)  the  eastern,  or  St.  Francis  River  bottom;  (2)  the  central,  or  Crow- 
leys  Ridge;  and  (3)  the  western,  or  the  prairies. 

The  St.  Francis  River  bottom  is  a  flat  area  which  is  but  212  feet 
above  sea  level  at  Madison,  on  St.  Francis  River.  East  of  this  the 
country  rises  somewhat.  The  elevation  of  Forrest  City,  on  the  west 
side  of  Crowleys  Ridge,  is  251  feet.  East  of  the  ridge  the  surface 
material  consists  entirely  of  alluvial  sand  and  silt. 

The  Chicago  and  Rock  Island  Railroad,  which  runs  from  Memphis 
to  Little  Rock,  crosses  Crowleys  Ridge  at  Forrest  City.  The  follow- 
ing interesting  section  is  shown  along  the  railroad  from  Madison,  on 
St.  Francis  River,  to  Forrest  Citv: 

Section  of  Crowleys  Rulgc  at  Forrest  City. 

Feet. 

Loess  (unstratifted) 10 

Dark  loam,  a  phase  of  tho  Ioohh 3 

Yellow  clay  loam,  a  phane  of  the  loess 10 

Loess  unstratified,  containing  irregular  lime  concretions G 

Stratified  loess,   bedding  brought  out  in  narrow  bands  by  yellow 

iron-oxide  coloring,  containing  many  small  land  shells,  also  many 

round  lime  concretions  of  all  sizes  up  t/)  that  of  a  base  ball,  the 

whole  bed  becoming  more  and  more  sandy  toward  the  base Ki 

Hidden 2-3 

Gravelly  sand,  streaked  yellow  with  inni  stain  and  cn)Hs-bedded 3-4 

Still  farther  east,  at  a  lower  elevation  than  the  base  of  the  above 
section,  the  following  section  was  obtained: 

Section  1\  miles  east  of  Forrest  City. 

Feet. 

Loess  (unstratified) 10 

Dark  loam,  a  phase  of  the  lot^s 3 

A  reddish-yellow  phase  of  the  loess 6 

Loess,  indistinctly  stratified 15 

Yellow  clay  loam 3 

Fine  drab  argillaceous  sand 3 

Coarse  gravel  (Lafayette) 5 

Gray  sand,  cross-bedded  in  places  and  elsewhere  interstratified  with 

thin  layers  of  light-drab  clay 2 

Dark  to    black  sand,  very  fine,  containing  lignite,  the  dark  color 

being  due  to  carbonaceous  matter 1-^ 
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On  the  east  side  of  Crowleys  Ridge,  near  the  mouth  of  Big  Crow 
Creek,  and  also  in  the  bed  of  the  creek  about  one-half  mile  from  its 
mouth,  there  is  a  series  of  calcareous  marine  deposits  containing 
numerous  Tertiary  fossils,  which  belong  either  to  the  Jackson  or 
Claiborne  horizons.  The  collections  which  have  been  made  contain 
about  an  equal  number  of  Jackson  fossils  and  of  fossils  of  Claiborne 
age.  While  the  exact  horizon  may  be  somewhat  doubtful,  the  fossils 
prove  conclusively  that  the  strata  belong  to  the  lower  Tertiary^  beds. 

The  fossils  found  in  the  strata  along  Big  Crow  Creek,  east  of  For- 
rest City,  have  made  it  possible  to  determine  the  age  of  the  older 
strata  along  Crowleys  Ridge.  The  ridge  is,  therefore,  a  remnant  of 
the  old  Tertiary  plain  which  once  extended  unbroken  from  the  foot 
of  the  Paleozoic  hills  in  eastern  Arkansas  eastward  to  the  present 
bluffs  east  of  Mississippi  River. 

CLAY   DEPOSITS. 

The  clays  of  St.  Francis  County  are  the  common  brick  clays  found 
along  the  top  and  sides  of  Crowleys  Ridge  and  the  yellow  clay  loam 
of  the  prairie  country  west  of  the  ridge. 

Crowleys  Ridge  throughout  the  county  is  capped  with  loess,  which 
is  found  in  different  phases.  In  the  railroad  cut  east  of  Forrest  City 
there  are  no  less  than  four  different  varieties  of  the  loess.  In  places 
it  is  a  buff  to  gray  nonstratified  mass,  containing  a  large  percentage  of 
lime  concretions  and  land  shells.  Both  above  and  below  Ue  beds  of 
stratified  loess,  which  in  places  is  a  reddish-yellow  clay  loam,  con- 
taining little  or  no  lime  carbonate  and  free  from  shells.  The  yellow 
clay  loams  of  the  loess  are  much  better  adapted  to  brick  manufac- 
ture. The  bricks  bum  to  a  sohd  red  and  are  much  stronger  and 
stand  more  heat  than  bricks  made  from  the  calcareous  loess. 

The  country  west  of  the  ridge  has  a  surface  covering  of  yellow  clay 
similar  to  the  yellow  clay  of  the  loess,  but  of  much  later  age.  In 
places  its  thickness  ranges  from  about  15  feet  at  the  western  edge  of 
St.  Francis  County  to  40  feet  or  more  near  the  foot  of  Crowleys 
Ridge. 

The  persistency  of  the  surface  clay  is  shown  in  the  following  well 
sections: 

Section  of  well  at  J'alestijir. 

FWt. 

Red  clay 12-14 

Quicksand 12-14 

White  clay 6-  8 

Heavy  gravel 12 
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Section  of  well  at  Brinkley,  about  3  miles  weM  of  St.  Francis  County, 

Feet. 

Yellow  clay 12 

Yellow  Bftnd 17 

Blue  mud i 1 

Quicksand 6 

Hard  clay 25 

Ooane  giavel (?) 

The  yellow  surface  clay  which  occurs  so  extensively  over  the 
prairie  region  west  of  the  ridge  forms  in  places  the  limonite  buckshot 
land. 

Below  are  given  three  analyses  of  the  brick  clays  from  St.  Francis 
County: 

Analysis  of  loess  soil  from  Crowleys  Ridge ^  at  Forrest  City. 

[J.  P.  Smith,  analyst.] 

Silica  and  inaolubles 76. 30 

Ferric  oxide  (FejO,)] 

Alumina  (AljO,)       J 

Lime  (CaO ) 1 .  00 

Magnesia  (MgO) 1.22 

Potaeh  (KaO) 54 

Soda(NaaO) 89 

Fhosphoric  acid  (P2O5) Trace. 

L08B  on  ignition , 2. 83 

99.64         ^ 

Analysis  c/  buckshot  clay  from  Goodwin  Prairie,  4  miles  northwest  of  (rooduin  station. 

[J.  P.  Smith,  analyst.] 

SiUcaCSiOj) 82.52 

Alumina  (Al^Oa) 7. 50 

Iron  oxide  (Fefii) 4. 32 

Lime  (CaO) Trace. 

Magnesia  (MgO) 40 

Potash  (KaO) 52 

Soda(NajO) 63 

Manganese  (MnO) Trace. 

Phosphoric  acid  (P2O5) Trace. 

Loss  on  ignition 3. 64 

100.34 
Water  at  115<>  C 7 .  82 

The  following  sample  was  taken  from  the  material  about  a  newly 
dug  well  about  4  miles  northeast  of  Goodwin  station,  on  the  railway: 

Analysis  of  hardpanfrom  Goodwin  Prairie. 
[J.  P.  Smith,  analyst.] 

Silica  (SiOj) 84.04 

Ferric  oxide  (FczOg) 3. 70 

Alumina  (AL^Oj) 6. 32 

Lime  (CaO) 34 
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Magneflia  (MgO) . .  Trace. 

Potash  (K2O) 0. 91 

SodaCNa^O) 80 

Manganese  (MnO) Trace. 

Phosphoric  acid  (P2O5) .^. 00 

Loss  on  ignition 3. 32 

99.43 

Water  at  1 15°  C 1. 40 

CLAY  INDUSTRY. 

The  only  clay  product  manufactured  in  the  county  is  common  build- 
ing brick,  made  from  the  loess  by  the  Choctaw  Brick  and  Tile  Com- 
pany, of  Forrest  City.  The  clay  is  hauled  from  the  pit  to  the  machine 
by  a  team  and  scraper,  mixed  in  a  steam  pug  mill,  and  molded  in  a 
Chambers  end-cut,  stiff-mud  machine.  The  bricks  are  dried  by  steam, 
which  requires  one  to  two  days.  They  are  burned  in  up-draft  kilns, 
having  a  capacity  of  200,000  bricks.  Wood  is  used  as  fuel.  The  plant 
has  a  capacity  of  20,000  bricks  a  day. 

SALINE  COUNTY. 

GENERAL  GEOLOGY. 

Saline  County  has  within  its  borders  rocks  of  two  widely  diflFerent 
geologic  ages.  The  northwestern  portion  of  the  county  is  covered 
with  Paleozoic  shales,  sandstones,  and  novaculites,  much  folded  or 
standing  on  edge,  and  intersected  by  a  vast  number  of  quartz  veins; 
while  the  southeastern  part  is  of  soft  and  usually  uncompacted  and 
horizontally  bedded  Tertiary  sands,  clays,  and  gravels,  except  in  parts 
of  T.  2  S.,  R.  14  W.,  where  eruptive  rocks  come  to  the  surface.  The 
line  separating  the  Paleozoic  and  Tertiary  areas  runs  through  the 
county  in  a  northeast-southwest  direction.  Th6  St.  Louis,  Iron  Moun- 
tain and  Southern  Railway  follows  the  dividing  line  approximately 
parallel  with  and  from  1  to  4  miles  northwest  of  it.  The  region  of 
Paleozoic  shales  and  sandstones  to  the  northwest  was  the  dry  land 
forming  the  shores  during  Tertiary  times,  when  the  sands  and  clays 
that  lie  to  the  southeast  were  being  deposited  in  the  waters  which  at 
that  time  covered  all  southern  and  eastern  Arkansas. 

CLAY  DEPOSITS. 
DISTRIBUTION   OF   THE   CLAYS. 

In  the  northern  and  west#n  parts  of  the  county  pottery  clays  are 
not  likely  to  occur  in  abundance.  They  may  possibly  be  found  in 
occasional  local  pockets,  where  the  clay  shales  have  decayed,  or  in 
''slashes,"  where  the  water  has  leached  out  local  accumulations;  but 
the  great  pottery  clay  beds  lie  south  and  east  of  the  old  shore  line  re- 
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ferred  to  above.  In  the  river  bottoms  also,  especially  along  Saline 
River,  the  immediate  surface  soil  includes  here  and  there  '^  buckshot'' 
clays,  which  furnish  rather  poor  pottery  clays. 

CIAYS   ABOUT   BENTON. 

The  clay  pits  opened  in  the  vicinity  of  Benton  have  aided  a  compre- 
hension of  both  the  general  and  detailed  structure  of  this  part  of  the 
State.  These  pits  are  all  in  T.  2  S.,  R.  15  W.  The  sections  which 
they  represent  are  here  given  in  detail,  beginning  with  the  Hicks  pit  in 
the  NE.  I NE.  J  sec.  12. 

inCKS  CLAY  BANK. 

The  Hicks  clay  bank,  formerly  known  as ''  the  old  Leach  bank, ''  was 
the  first  clay  deposit  opened  in  the  neighborhood  of  Benton,  and  for 
several  years  was  the  only  source  Si  supply  for  pottery  clays  at  that 
place.  Early  in  1889  the  old  pit  was  reopened  by  Mr.  J.  Howe,  and  the 
clay  was  mixed  with  clay  from  other  pits  for  use  in  his  pottery.  It  is 
not  used  by  itself  in  any  of  the  potteries. 

Section  at  the  Hicks  pit. 

Feet. 

Sandy  soil,  capped  with  novaculito  gravel 2 

Sandy  clay,  with  scattered  pebbles;  particolored  and  more  sandy 

below 7 

Drab  potter'n  clay 20 

The  bottom  of  this  clay  had  hot  been  reached  by  the  operations  in 
progress  at  the  time  it  was  visited.  The  clay  at  different  points  of  the 
pit  varies  in  the  amount  of  saJnd  it  contains.  It  is  pinkish  brown  when 
first  dug,  but  as  it  dries  become^j  light  gray  with  a  faint  pink  tinge.  It 
has  a  slightly  sweetBh  taste.  It  is  wanting  in  body  and  will  not  burn 
to  a  solid  stoneware.  Only  the  Albany  slip-black  glaze  can  be  used 
with  it,  all  attempts  hitherto  made  at  salt  glazing  having  resulted  in 
failure  owing  to  the  inability  of  the  ware  to  bear  a  sufficiently  high 
heat.  When  subjected  to  a  white  heat  it  cracks  and  breaks  in  the 
kiln,  and  the  pieces  escaping  destruction  in  this  way  are  liable  to  air 
check  in  cooling.  It  may  be  very  profitably  manufactured  into  open 
ware,  however,  such  as  pots,  chums,  crocks,  and  milk  pans,  or  into  any 
article  in  which  the  liquid  contents  are  not  allowed  to  stand  long. 
Unglazed  ware  made  from  this  clay  is  very  porous,  and  when  glazed 
ware  made  of  it  cracks  or  chips  so  as  to  expose  the  body  of  the  vessel  it 
is  found  to  be  very  absorbent,  so  that  it  can  not  be  employed  for  ware 
that  is  to  be  used  to  hold  liquids  for  any  great  length  of  time. 

THE   RHODENBAUOH   CLAY  BANK. 

The  Rhodenbaugh  bank  is  in  the  SW.  i  NE.  }  sec.  12,  T.  2  S., 
R.  15  W.,  about  one-fourth  mile  south  of  the  Hicks  pit.  A  depression 
between  this  and  the  Hicks  bank  is  filled  with  waterworn  graveL 
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The  sections  at  the  two  pits  are  practically  the  same,  and  the  beds  are 
the  same,  but  there  is  a  slight  difference  or  local  variation  in  the 
character  of  the  clays  themselves. 

Section  at  the  Rhodenhaugh  clay  hank. 

Feet. 

Thin  sandy  soil  with  fine  gravel 1 

Ferruginous  gravel  with  abundant  coarse  sand;  clayey  below 5 

Light-drab  potter's  clay,  the  lower  2  feet  of  which  is  blue  contain- 
ing red  patches  of  iron 10 

Fine  white  sand IJ 

Novaculite  gravels,  conglomerated 3 

20i 

Below  the  pottery  clay  is  a  bed  of  brownish-yellow  waterwom, 
novaculite  gravel,  much  of  which  is  cemented  into  a  conglomerate. 
Near  the  upper  surface  or  top  of  the  10-foot  bed  of  clay  there  is  a 
streak  of  black  material  2  inches  thick.  The  2  feet  of  blue  clay  con- 
stituting the  base  of  this  bed  contain  numerous  impressions  of  leaves 
and  stems  of  plants  and  red  patches.  This  2-foot  layer  of  clay  is 
not  used  in  the  manufacture  of  pottery  but  goes  to  the  waste  bank 
with  the  gravel.  This  blue  clay  might,  if  mixed  with  sufficient 
quantity  of  sand,  be  used  for  the  manufacture  of  bricks.  Bricks  as 
a  rule  do  not  require  the  same  degree  of  firing  as  stoneware,  and  the 
red  material,  if  mixed  properly,  will  be  an  advantage  rather  than  a 
detriment  to  it,  as  it  would  serve  to  color  the  whole  mass.  This  clay 
is  rejected  by  the  potters  because  the  ware  must  be  subjected  to  a 
prolonged  white  heat  before  it  will  take  the  glaze  necessary  to  pro- 
duce a  marketable  product,  and  under  the  high  temperature  required 
the  red  clay,  which  is  highly  charged  with  iron,  would  melt  or  turn 
black  and  make  the  ware  unsightly  and  unfit*TFor  market.  Great 
care  must  therefore  be  exercised  to  prevent  any  of  this  material  from 
being  mixed  with  the  clean  pottery  clay. 

The  clay  from  the  Rhodenbaugh  bed  is  fine  grained  and  of  close 
texture.  When  moist  it  has  a  pinkish-brown  color,  which  it  loses  on 
drying.  Although  sometimes  used  without  any  mixture  the  pro- 
prietors of  the  pit  consider  it  very  much  improved  by  the  addition 
of  a  Uttle  sand.  The  sand  adds  to  the  body  and  in  burning  enables 
the  ware  to  take  a  hard  finish.  It  will  take  either  the  Albany  slip 
glaza  or  the  salt  glaze. 

The  bed  of  clay  found  in  Rhodenbaugh's  pit  covers  about  8  acres 
and  thins  out  toward  the  south  within  a  short  distance  of  Rhoden- 
baugh^s  house. 

The  following  is  the  section  exposed  in  a  well  36  feet  deep  in 
Rhodenbaugh's  garden,  in  the  NW.  i  SW.  }  sec.  12.  The  well  does 
not  strike  the  clay,  although  it  penetrates  the  Tertiary  and  reaches 
Paleozoic  rocks  below.  The  mouth  of  the  well  is  doubtless  at  a  point 
below  the  clay  bed. 
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Section  of  RhodenhougKs  wdl, 

FMt. 

Waterwom  gravel 12 

Black  clay,  breaking  up  in  flakes 4 

Stiff,  tenacious  blue  clay 20 

Paleozoic  sandstone  at  the  bottom. 

36 

A  well  is  reported  to  have  been  dug  at  Bernard  Fiste's  place,  near 
the  middle  of  the  north  side  of  sec.  13,  about  three-fourths  of  a  mile 
east  of  Rhodenbaugh's  pottery.  In  this  well  a  pottery  clay  bed  was 
struck  at  a  depth  of  45  feet.  The  bed  is  said  to  be  15  feet  thick  here 
and  of  dark  color.  The  clay,  which  has  been  tested,  retains  its  dark 
color  after  burning.  Its  occurrence  at  this  place  throws  much  light 
on  the  distribution  of  the  pottery  clays  about  Benton. 

WOOSLEY  CLAY   BANK. 

The  Woosley  clay  bank  is  in  the  NE.  J  sec.  1 ,  on  both  sides  of  ''  the 
old  military  road"  leading  northeastward  from  Benton.  The  clay  is 
5  or  6  feet  thick,  but  it  thins  out  at  the  margins  of  the  bed,  which 
covers  about  \\  acres.  About  400  feet  east  of  Mr.  Woosley 's  house 
the  following  section  is  exposed  in  an  abandoned  clay  pit: 

Section  at  Wooslry^s  clay  pit. 

Feet. 

Brown  pebbly,  iron-fltained  clay 4 

Red  sandy  clay 6 

Blue  clay  with  red  patohos 2 

Pottery  clay 5 

Grayish  sand 4 

21 

The  following  section  is  reported  by  Mr.  Kennedy: 

Section  of  pit  at  Woosley* s  pottery  sheds. 

Feet. 

Hard  grayish  sandy  clay 4 

Pottery  clay 5 

light-grayish  sand 6 

Bluish  joint  clay  at  baso. 

Mr.  Woosley  has  opened  another  clay  pit  on  the  west  side  of  the 
SW.J  NW.  J  sec.  1.     The  beds  exposed  are  as  follows: 

Section  in  SW,  i  NW.  i  sec.  1,  T.  2  S.,  R.  15  W. 

Feet. 

Jfted  sandy  clay 4 

Pottery  day 4 

The  well  section  at  Woosley's  pottery,  reported  by  Call,  is  interest- 
ing as  showing  the  relations  of  the  potter's  clay  of  his  pit  to  the 
underlying  blue  joint  clays  of  Eocene  age.  The  section  should  be 
considered  in  connection  with  that  at  Womack's  pit,  in  the  village  of 
Benton. 
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Section  of  well  at  Woosley's  pottery. 

Feet. 

Gravelly  and  clayey  sand 4 

Potter's  clay,  becoming  sandy  below 10 

Stratified  blue  or  black  joint  clay 45 

The  well  ends  in  the  joint  clay  without  penetrating  it.  Probably 
the  clay  is  precisely  equivalent  to  that  found  in  the  Benton  well 
sections. 

The  section  at  Woosley's  pit,  as  observed  by  Professor  Call  in  June, 
1891,  is  ^iven  below. 

Section  at  Woosley^s  clay  pit. 

Feet. 

1.  Light  gravelly  and  sandy  soil 1 

2.  Gravel  l>ed,  with  much  coarse  sand 3 

3.  Red  sandy  clay  with  occasional  pockets  of  clay 8 

4.  Snuff-colored  potter's  clay,  upi>er  foot  containing  |K>(*ket8  of  red 

san<l,  lower  4  feet  a  bright- yellow  potter's  clay 12 

5.  Fine  white  sand  with  some  clay 12 

36 

The  sands  from  No.  5  of  this  section  were  mixed  with  clavs  from 
No.  4.  The  pottery  made  of  this  combination  was  a.  well-bodied 
light-yellow  ware  with  a  metallic  ring,  and  took  a  good  glaze.  Only 
a  portion  of  this  clay  was  worked  and  the  pit  was  then  abandoned 
by  its  owner,  who  now  uses  clay  from  a  bed  500  feet  north  of  Davis's 
pottery  and  west  of  the  miUtary  road. 

In  appearance  and  in  general  structure  the  clay  taken  from  Woos- 
ley's  bed  is  like  that  found  in  the  other  clay  deposits  near  Benton. 
It  is  light  pinkish  brown  when  moist  and  dries  to  a  faint  pink  color. 
In  working  and  burning  it  has  the  reputation  of  being,  next  to  that 
from  Rhodenbaugh's  bed,,  the  finest  clay  in  the  district.  It  bums  to 
a  soUd  stone  body  and  takes  both  salt  and  Albany  slip  glaze. 

DAVIS   CLAY   BANK. 

The  L.  R.  Davis  pit  (formerly  Herrick  &  Davis)  is  in  the  NW.  J 
SE.  J  sec.  2,  on  the  northwest  side  of  the  old  military  road.  The 
following  section  in  a  pit  near  the  west  end  of  the  bank  shows  the 
relations  of  the  several  beds: 

Section  at  the  L.  li.  Davis  clay  pit. 

F66t. 

Waterwom  gravel 3 

Red  clay 4 

Potter's  clay 11 

Ferruginous  sandstone  at  the  bottom. 

Nearly  the  same  section  is  exposed  in  a  well  50  feet  deep  a  little 
east  of  the  east  end  of  the  pit.  In  the  well  section  the  gravel  is 
thicker  and  the  red  clay  somewhat  thinner,  while  the  potter's  clay 
remains  the  same. 
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Below  is  given  the  section  of  a  well  at  Mr.  nerrick\s  house,  east  of 
Davis's  clay  pit,  in  the  NW.  }  SE.  \  sec.  2,  T.  2  S.,  R.  15  W. 

Section  of  Herrick'a  well. 

Feet. 

Waterwom  gravel 4 

Blown  pottery  .clay 11 

Coane,  white,  sharp  sand 25 

Waterwom,  iionHstained  gravel 10 

50 

The  potter's  day  thins  out  and  disappears  south  of  the  road  and 
about  60  yards  south  of  Davis's  pottery  sheds.  The  clay  bums  to  a 
white  or  cream  color  and  may  be  glazed  by  both  salt  and  Albany 
.slip  glaze. 

IIKNDKRSON    CLAY    BANK. 

S.  M.  Henderson's  bank  is  in  the  XW.  }  NE.  }  sec.  2,  T.  2  S., 
R.  15  W.,  and  underlies  a  brownish  sandy  gravel  3  feet  in  thickness 
and  a  blue  sandy  clay  containing  bright  patches.  This  sandy  clay 
is  of  variable  thickness,  but  it  averages  about  3  feet.  Beneath  this 
bed  lies  the  potter's  clay,  with  a  thickness  of  14  feet.  The  color  of 
the  clay  varies  with  the  depth  in  the  pit,  ranging  from  light  blue  or 
pinkish  on  top  to  almost  black  at  the  base.  The  lower  strata  con- 
tain impressions  of  leaves  and  stems  of  plants.  Tliis  clay  burns  to  a 
stone  body  that  readily  takes  both  the  Albany  slip  and  the  salt 
glaze. 

About  300  feet  east  of  Kirkpatrick's  house  a  well  at  his  brick- 
yard shows  the  pottery  clay  to  have  a  covering  of  1 5  feet. 

At  Kirkpatrick's,  on  the  west  side  of  the  NE.  }  NE.  J  sec.  11,  a 
well  20  feet  deep  penetrates  gravelly,  sandy  clay  and  ends  in  the 
potter's  clay  beds. 

This  bed  is  probably  continuous  eastward  over  the  bottoms  along 
the  creek.  Its  dip  is  southeast,  as  is  indicated  by  the  occurrence  of 
a  similar  bed  in  a  well  section  three-fourtlis  of  a  mile  farther  east,  in 
the  NE.  i  NE.  I  sec.  23,  T.  2  S.,  R.  15  W.,  which  is  without  doubt 
an  extension  of  the  same  deposit. 

Search  has  been  made  for  these  beds  at  various  point^j  in  ravines 
and  gullies  along  the  hillside  south  of  the  Iron  Mountain  Railway 
depot  at  Benton,  but  none  were  found. 


WOMACK    CLAY   BANK. 


A  stiff,  dark,  lead-colored  clay  appears  in  the  town  of  Benton  on 
the  west  sicte  of  Market  street  and  between  that  point  and  the  '*old 
military  road,"  in  the  NW.  J  SW.  i  sec.  11,  T.  2  S.,  R.  15  W.  The 
clay  is  at  least  30  feet  thick,  as  seen  in  the  sfction  given  below  (by 
Call),  but  its  total  thickness  has  not  been  ascertained.  It  gets 
darker  as  it  is  penetrated  deeper. 


188  THE  CLAYS   OF  ARKANSAS. 

Sectifvn  at  Womack^s  clay  pit,  Benton. 

Pest. 

Soil,  sandy  and  gravelly - 2 

Gravel  and  coarse  sand,  highly  ferruginous 6 

Conglomerate;  sand  and  fine  gravel  cemented  with  iron  oxide i 

Blue  or  lead-colored  joint   clay,  with  scattered  nodules  of  iron 

pyrites 30J 

39 

The  clay  found  in  this  pit  occurs  in  the  bottom  of  a  dozen  or  more 
wells  in  the  village  of  Benton.  A  well  digger  who  had  put  down 
nearly  all  these  wells  exhibited  a  mass  of  clay  from  the  bottom  of 
one  well  «(which  stratum  he  said  was  reached  in  all  wells  attaining  a 
depth  of  40  feet  or  more)  containing  marine  shells  {TkirriteUa  cari- 
nata)  of  Eocene  (Tertiary)  age. 

In  certain  portions  of  the  pit,  near  its  middle  line,  occasional 
nodules  of  iron  pyrites  occur.  Mica  scales  abound  in  the  cleavage 
planes  and  rarely  crystals  of  selenite  are  seen. 

The  clay  from  Womack's  pit  is  too  stiff  to  be  worked  in  ordinary 
pugs,  and  must  be  crushed  by  special  machinery.  A  sample  brought 
to  the  office  of  the  Arkansas  Geological  Survey  by  Mr.  Womt-ck  was 
somewhat  streaked  with  iron,  some  of  which  seems  to  have  infil- 
trated along  the  rootlets  of  plants. 

This  cla\'  taken  alone  is  not  a  distinctively  good  potter'c  clay,  and 
w^are  made  from  it  is  not  equal  to  that  made  from  the  clays  of  any 
other  Benton  pit.  It  gives  a  heavy  body  and  cool  cracks  when  salt 
glaze  is  employed.  It  is  mixed  with  clay  from-Hicks's  pit  in  the  pro- 
portion of  equal  parts  of  each,  and  in  this  way  makes  a  very  fair 
gray  pottery.  It  is  highly  probable  that  with  some  experimenting 
a  method  could  be  hit  upon  that  would  make  it  possible  to  utilize 
this  fine  bed  of  clay  to  better  advantage.  If  no  better  use  be  found, 
it  might  be  available  for  making  vitrified  bricks. 

OTHER   CLAYS    NEAR   BENTON. 

In  the  southeast  comer  of  the  SW.  J  NW.  }  sec.  13,  T.  2  S., 
R.  15  W.,  near  Mrs.  Butler's  house,  a  well  65  feet  deep  passes  through 
a  bed  of  dark  potter's  clay  30  feet  thick. 

Section  of  well  near  Mrs.  Butler^s. 

Feet. 

Red  clay 4 

Sand , 24 

Potter's  clav 30 

Waterwom  gravel 7 

65 

In  the  NW.  t  SW.  J»sec.  13  a  well  800  feet  south  of  Mrs.  Butler's, 
just  west  of  the  road,  is  20  feet  deep  but  does  not  penetrate  the  pot- 
ter's clay  bed.  The  mouth  of  this  well  is  about  15  feet  above  the 
mouth  of  Mrs.  Butler*s  well. 
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Section  in  sec.  IS,  T.  2  S.,  R.  15  W. 

Feet. 

Red  sandy  clay 3 

Joint  clay 4 

Blue  sand 13 


20 

In  the  NE.  J  SE.  \  sec.  13,  T.  2  S.,  R.  15  W.,  at  Bennett^s  pottery,  a 
well  20  feet  deep  has  the  section  given  below. 

Section  of  well  at  BennetVs  pottery. 

Feet. 

Soil 5 

aay 2 

Red  sandy  clay 12 

Blue  sand  at  bottom. 

The  well  section  at  Mrs.  Butler's  and  at  other  points  south  of  the 
railway,  taken  in  connection  with  the  other  observations,  throws 
light  on  the  distribution  of  the  clay  beds  about  Benton  and  through- 
out the  region  south  of  Benton.  The  relations  of  these  sections  to 
one  another  can  be  best  shown  by  the  profile  given  in  fig.  16.     This 


FlO.  16. — North-south  aection  at  Benton,  showing  relatiouN  of  the  day  bedtt  north  of  the  railway  to 

those  south  of  it. 

section  shows  why  pottery  clay  was  not  found  either  in  the  well 
south  of  Mrs.  Butler  or  in  that  at  Bennett's  pottery.  If  these  wells 
were  carried  down  25  feet  deeper  they  would  enter  the  bed  pene- 
trated at  Mrs.  Butler's. 

On  the  hills  west  of  Mrs.  Butler's,  at  a  point  in  the  W.  \  sec.  14, 
but  not  precisely  located,  a  well  is  reported  with  the   following 
section: 

Well  section  in  sec.  14,  T.  2  S.,  R.  15   W. 

Feet. 

Clay  and  gravel 10 

Clay  with  sand  streaks 20 

Sand 4 

It  seems  probable  that  the  sand  found  in  the  bottom  of  this  well 
is  the  top  of  the  sand  bed  that  overlies  the  potter's  clay,  and  that  if 
the  wdil  were  carried  down  20  feet  deeper  it  would  enter  the  clay. 

Mr.  T.  C,  Hopkins  also  found  an  exposuse  of  weathered  potter's 
clay  on  the  south  side  of  the  little  stream  about  a  quarter  of  a  mile 
south  of  the  Benton  depot.  This  is  about  where  one  w^ould  expect 
to  find  the  outcrop  of  the  great  bed  on  the  south  side  of  the  valley. 
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The  elevations  were  observed  (by  aneroid  barometer)  at  Mrs. 
Butler^s  and  at  the  various  clay  pits  north  of  the  railway  for  the  pur- 
pose of  determining  whether  the  clay  pits  were  all  upon  the  same  bed, 
and  to  ascertain  the  dip  of  the  beds. 

Elevations  of  the  pottery  clay  beds  near  Benton. 

Feet. 

Rhodenbaiigh's  pit 340 

Hicks's  pit 350 

Davis's  pit . . .  •. 420 

Woosley's  pit 440 

Bed  in  Mrs.  Butlcr^H  well. 325 

Bennett's  pottery 340 

Henderson's  pit 380 

These  elevations  show  that  the  beds  have  a  gentle  dip  to  the  east 
and  south  and  that  the  Rhodenbaugh,  Hicks,  Davis,  Woosley(?), 
and  Henderson  pits  on  the  north  side  of  the  railway  track  are  in  all 
probability  on  a  bed  of  clay  identical  with  the  bed  cut  in  Mrs.  Butler's 
well.  The  slight  differenccij  of  the  clays  found  in  the  various  pits 
are  of  a  character  that  usually  occurs  in  any  deposit  in  passing  from 
one  point  to  another.  The  thinness  of  the  beds  and  their  irregu- 
larities are  no  doubt  produced  by  the  greater  erosion  to  which  the 
northwestern  or  landward  edges  of  these  soft  beds  have  been  exposed. 

The  Wooslcy  bed  api)ears  to  be  higher  than  the  others  and  to  be 
only  the  small  fragment  of  a  bed  which  once  overlay  the  region  south 
of  Woosley's,  but  which  has  all  been  removed  by  erosion  except 
this  remnant  and  its  possible  southward  extension,  which  is  to  be 
looked  for  in  the  hilltops  south  of  Mrs.  Butler's  well. 

The  beds  opened  north  of  the  railway  (except  Woosley's)  appear 
to  be  all  parts  of  the  same  deposit,  and  in  all  probability  the  clay 
may  be  found  in  a  long  outcrop  that  will  connect  the  Hicks,  Hen- 
derson, Davis,  and  Rhodenbaugh  banks  with  the  well  at  Mrs.  Butler's. 

The  sections  and  records  given  above  relate  only  to  the  beds 
exposed  in  the  immediate  neighborhood  of  Benton.  Most  of  the 
clays  of  these  beds  have  been  tested  in  one  way  or  another.  Tliere 
is  no  reason  for  supposing  that  the  valuable  clay  beds  are  confined  to 
this  locality,  but  the  geology  leads  us  to  conclude  that  just  as  good 
deposits  exist  in  other  parts  of  the  county.  With  a  view  to  ascer- 
taining as  much  as  possible  regarding  the  distribution  of  the  potter's 
clays  in  the  surroimding  country-  the  following  observations  are 
brought  together  here: 

About  the  center  of  the  SE.  \  SE.  J  sec.  3,  T.  2  S.,  R.  13  W.,  there 
is  a  bed  of  clay  on  Robert  Bigg's  place  that  deserves  special  attention. 
The  geologic  observations  at  this  locality  were  kindly  furnished  by 
Mr.  E.  C.  Buchanan,  of  Little  Rock,  who  made  two  trips  to  examine 
it,  and  who  collected  the  sample  whose  analysis  is  given  below.     The 
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clay  outcrops  at  several  places  in  the  SE.  \  SE.  }  sec.  3.  The  out- 
crops are  in  a  series  of  small  gullies,  from  2  to  7  feet  deep,  draining 
south  and  southeast  and  northeast.     The  section  exposed  is  as  follows: 

Section  at  the  Robert  Bigg  place. 

Ft.     In. 

1.  Sandy  clay  and  gravel 2.  6 

2.  Reddish  clay 2 

3.  Cream-colored  clay 5 

4.  Reddish  sandstone i 

5.  Cream-colored  clay 10 

Mr.  Palmer,  who  lives  at  the  northwest  comer  of  SE.  J  sec.  3,  says 
that  he  dug  a  pit  3  feet  at  the  lowest  part  of  the  exposure  of  No.  5 
without  reaching  the  bottom  of  that  bed.  The  beds  seem  to  be 
horizontal . 

The  clay  of  the  bottom  bed  (No.  5)  has  a  conchoidal  fracture,  and 
is  cream  colored  when  first  dug  out,  but  on  exposure  to  the  sun  it 
becomes  nearly  white.  Beds  of  No.  3  and  No.  5  are  apparently 
about  the  same,  but  are  separated  by  the  thin  layer  of  sand  rock. 

A  well  55  feet  deep,  dug  by  Mr.  Palmer  at  the  point  indicated, 
starts  about  20  feet  below  the  level  of  the  clay  and  for  that  reason 
does  not  penetrate  the  bed.  The  clay  is  thus  confined  in  this  locality 
to  the  tops  of  the  low  hills,  and  the  total  area  underlain  by  it  here  is 
about  20  acres.  It  is  probable,  however,  that  the  same  bed  occurs 
in  the  surrounding  hills,  especially  toward  the  east.  The  same  bed 
is  exposed  at  the  spring  just  south  of  Mr.  Bigg's  house,  where  frag- 
ments of  lignite  overlie  it. 

The  composition  of  No.  5  of  th^  section  at  Robert  Bigg's  place 
(SE.  J  SE.  J  sec.  13,  T.  2  S.,  R.  13  W.)  is  given  below. 

Analysis  of  clay  from  the  Bigg  place. 
[L.  R.  lienox,  analyst.] 

Silica  (SiOa) • 63. 29 

Alumina  (AI2O3) '. 18. 19 

lion  (Fe^Oa) (>.  45 

Lime  (CaO) 31 

Magnesia  (MgO) 2. 44 

Manganese  (MnO) Trace, 

Potash  (KjO) 56 

Soda  (NajO) Trace. 

Water  (}obs  on  ignition) 9.  47 

100.71 

In  the  low  ground  about  2  miles  southwest  of  Alexander,  on  the  St. 
Louia,  Iroji  Moi  ntain  and  Southern  Railway,  potter's  clays  of  a  buflF 
color  are  exposed  in  the  ditch  by  the  railroad.  This  exposure  is  at  the 
foot  of  the  railroad  grade  that  descends  from  the  summit  next  north  of 
Bryant  to  Crooked  Creek,  and  is  IJ  miles  from  Bryant.  Again, 
potter's  day  is  reported  on  the  railroad  near  Bryant,  a  short  diatancA^ 
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southwest  of  the  station.  The  well  sections  at  Bryant,  however,  do 
not  show  satisfactorily  that  such  clays  exist  there.  The  well  at  the 
Commercial  Hotel,  about  50  paces  south  of  the  railroad,  and  22  feet 
deep,  has  hard  clay  in  the  bottom,  but  it  is  not  known  whether  it  is  a 
potter's  clay.  Another  well,  22  feet  deep,  a  quarter  of  a  mile  north- 
east of  the  station,  has  lumpy  clay  in  the  bottom,  but  it  is  probably 
not  a  good  potter's  clay.  In  the  NW.  }  sec.  24,  T.  1  S.,  R.  15  W.,  a 
well  15  feet  deep  has  10  feet  of  pipe  clay  in  the  bottom.  Nothing  is 
known  of  its  value.  In  the  SE.  }  sec.  13,  same  township,  a  well  30 
feet  deep  has  10  feet  of  "joint  clay''  in  the  bottom. 

At  Zuber  post-oflSce,  in  the  NE.  I  sec.  5,  T.  1.  S.,  R.  15  W.,  there  are 
two  wells.  One  in  a  depression  struck  black  shale  4  feet  below  the 
surface,  and  one  on  the  slope  above  the  sawmill  struck  black  shale  at  a 
depth  of  20  feet.  In  the  debris  from  the  latter  are  numerous  lumps 
of  potter's  clay,  resembling  that  at  Benton.  ^ 

In  the  NE.  \  NW.  i  sec.  36,  T.  2  S.,  R.  16  W.,  at  Mr.  CliflF's,  a  well 
passed  through  the  following  section: 

Section  of  Cliff^s  well. 

Feet. 
Red  clay  and  sand 4 

Clay  with  fossil  shellH 20 

Decayed  limestone 2 

The  clay  referred  to  was  not  seen  by  tht  writer,  but  it  is  possible  that 
a  portion  of  the  bed,  at  least,  may  be  available  for  pottery. 

Clay  beds,  somewhat  mottled  on  their  exposed  surfaces,  occur  in 
the  NW.  I  SW.  i  sec.  19,  T.  2  S.,  R.  15  W.,  but  the  Paleozoic  rocks  are 
exposed  on  the  lower  side  of  the  Jiills  that  slope  to  the  north  in  this 
quarter  section.  In  the  SW.  \  sec.  20,  of  the  same  township,  a  well 
25  feet  deep  penetrates  beneath  the  topmost  4  feet  an  18-foot  bed  of 
light-colored  potter's  clay  containing  streaks  of  sand  near  the  bottom. 

A  well  40  feet  deep  in  the  middle  of  the  east  side  of  sec.  3,  T.  3  S., 
R.  16  W.,  is  said  to  be  dug  entirely  in  red  and  white  pipe  clay,  through 
which  there  is  a  single  black  streak.  No  evidence  was  found  of  clay- 
farther  south  in  Saline  County  than  where  it  is  cut  in  this  well.  It 
should  be  remarked,  however,  that  no  well  sections  were  found  far- 
ther south.  The  surface  is  covered  with  fine  quartz  and  novaculite. 
gravel,  which  seems  to  form  the  slope  of  the  hill  on  the  south  side  of 
the  small  creek  in  sec.  10,  T.  3  S.,  R.  16  W.  In  the  NE.  J  sec.  14  of  this 
township  16  feet  of  clay  is  also  reported  in  a  well.  This  is  in  Hot 
Spring  County. 

Between  the  county  line  and  Traskwood  and  thence  northward  on 
the  Traskwood-Benton  road  for  more  than  4  miles  the  well  sections 
show  only  sand  or  very  sandy  clays. 

On  Crooked  Creek  in  the  SW.  }  NE.  J  sec.  15,  T.  1  S.,  R.  14  W., 
about  three-fourths  of  a  mile  west  of  CoUegeviUe,  there  is  an  exposure 
of  blue,  white,  and  variegated  shales. 
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Section  on  Crooked  Creek, 

Feet. 

1.  Surface  gravel  and  humus 3 

2.  Sandstone 1 

3.  Blue  and  white  shales  having  a  talcose  or  soapy  touch 2 

4.  Light-colored  shales,  drying  white  and  chalky 1 

5.  Blue  clay. 

All  these  shales  have  a  greasy  feel  and  very  much  the  same  appear- 
ance in  fracture  and  splitting.  No.  4  of  the  above  section  was 
analyzed  with  the  results  given  below. 

Analysis  of  shale  from  Crooked  Creek. 

[Brackett  &  Smith,  analysts.] 

Silica  (SiOj) 82.45 

Alumina  ( AlaO,) 11 .  80 

Iron  (ferric)  oxide  (FejOj) 80 

Lime  (CaO) 31 

Magnesia  (MgO) 25 

Alkalis  (by  difference) 1 .  60 

Water  (loss  on  ignition) 2. 79 


Water  at  110°-115°  C 


100.00 
.21 


The  air-dried  material  contains  27.37  per  cent  of  fine  sand. 

The  following  table  brings  together  the  analyses  of  all  the  pottery 
clays  exanuned  from  the  different  clay  banks  at  Benton,  except  thet 
called  kaolin  on  pages  196-197. 

Analyses  of  clays  from  Benton^  Saline  County. 


Rhodcn- 
*baugh. 

72.44 

18.97 

l.fiO 

,    -_ , 18 

IJigneri*  (MgO) i     Trare. 

JoUdi(KjO) 1.35 

8od*(NafO) .91 

Water  (HaO) 5.39 


8Uka(SlOs) 

Alamina  (AliOj) 

iron  (ferrto)  oxide  (FetOa) 
Uiiie(CaO) 


ytteratn(y»-U5*C. 
Swid. 


100.83 

1.55 

.26 


DavlH. 

Hender- 
son. 

71.09 

Hicks. 

Wooaley. 
64.49 

69.95 

65.79 

22.34 

19.86 

23.92 

23.86 

1.44 

1.81 

1.94 

2.11 

Trace. 

.11 

.23 

.31 

.08 

Trace. 

Trace. 

Trace. 

1.28 

1.45 

1.15 

.11 

.18 

.81 

1.08 

1.82- 

5.98 

5.67 

7.07 

8.11 

102.25 

100.80 

101.18 

100.81 

2.34 

1.96 

180 

2.37 

.46 

3.13 

2.72 

.19 

Womaclc. 


06.23 

22.31 

2.12 

.92 

Trace. 

.04 

1.59 

7.38 

100.  SO 
7.27 


GENERAL  CONCLUSIONS. 


That  Benton  is  well  supplied  with  excellent  clays  for  the  manufac- 
ture of  the  common  grades  of  stoneware  and  pottery  is  a  fact  estab- 
Kshed  by  the  experience  of  many  years.  The  clays  there  used, 
liowever,  have  a  much  wider  distribution  throughout  the  southern 
and  eastern  parts  of  the  county  than  seems  to  be  suspected.  They 
We  been  found  at  Bernard  Fiste's  place,  west  of  Rhodenbaugh's 
pottery,  while  the  great  bed  cut  in  Mrs.  Butler's  well  in  sec.  13,  T.  2  S., 
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R.  15  W.,  is  simply  the  southward  continuation  of  the  beds  opened 
north  of  the  railway.  The  bed  extends  around  the  hills  to  the  south, 
the  outcrop  being  in  the  faces  of  the  hills  that  look  toward  Saline 
River.  It  is  exposed  on  nearly  all  the  hillsides  on  the  old  military 
road  running  northwestward  from  Benton,  probably  extending  to  and 
beyond  the  borders  of  the  count  v. 

In  the  broad  bottoms  on  the  west  side  of  Saline  River  the  "buck- 
shot clay*'  lies  beneath  the  surface  soil  and  good  clays  are  not  to 
be  exj>ected  here  in  such  localities  within  easy  reach. 

The  Tertiary  hills  west  of  the  Saline  begin  about  the  middle  of 
the  SE.  i  sec!^  20,  T.  2  S.,  R.  15  W.  The  Tertiary  clays  encircle 
these  hills  north  of  the  railway  and  west  of  the  river,  and  the  pot- 
ter's clays  will  probably  be  found  about  the  bases  of  these  hills  in 
the  vicinity  of  Traskwood,  on  both  sides  of  the  railway.  The  geology 
of  the  region  favors  the  supposition  that  the  potter's  clays  occur 
also  within  the  drainage  of  Hurricane  Creek,  in  the  southeastern 
part  of  the  county. 

Those  who  are  in  search  of  pottery  clays  in  Saline  and  adjoining 
counties  should  bear  in  mind  that  such  clays  are  at  many  places 
associated  with  leaf  and  other  plant  impressions  and  not  often  asso- 
ciated with  marine  shells.  Many  of  the  Saline  County  claj's  that 
are  now  regarded  as  but  poorly  or  not  at  all  adapted  to  the  manu- 
facture of  common  pottery  need  only  more  careful  study  and  experi- 
menting to  make  them  available.  That  a  clay  can  be  used  unmod- 
ified, just  as  it  comes  from  ^le  pit,  is  a  mere  accident,  and  while  it  is 
a  fortunate  one,  we  should  not  be  satisfied  to  allow  an  industry  to 
depend  on  it. 

VARIETIES   OF    KAOLIN. 

HALINE   COUNTY    KAOLIN. 

The  syenite  area  of  Saline  County  lies  in  sees.  35  and  36,  T.  1  S., 
R.  14  AV.,  and  in  sees.  1,2,  9, 10,  13^  14,  15,  16,  20,  21,  22,  23,24,  25, 
26,  27,  34,  and  35,  T.  2  S.,  R.  14  \y.  The  margins  of  the  crystalline 
rocks  are  covered  by  the  Tertiary  and  Pleistocene  deposits,  which 
make  up  the  remainder  of  the  county  southeast  of  the  railway  in 
Saline  County. 

Tli(»  kaolins  found  in  Saline  County  are  of  three  varieties — (1)  a 
compact  variety,  derived  directly  from  feldspathic  rocks  by  decom- 
position; (2)  a  pisolitic  variety,  found  associated  more  or  less  inti- 
mately with  the  bauxite  deposits,  and  (3)  a  claylike  variety  of 
sedimentary  origin,  found  at  Benton. 

The  first  two  of  these  varieties  are  not  readily  separable  and  will 
here  be  considered  tosrether. 
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COMPACT  AND   PI80LITIC    KAOLIN. 

Kaolin  exists  in  sees.  9,  10,  14,  15,  16,  21,  22,  23,  26,  T.  2  S.,  R. 
14  W.,  and  probably  in  other  places.  The  deposits  in  sec.  16  seem 
to  be  extensive,  for  kaolin  is  found  here  and  there  almost  all  over 
that  section.  In  the  SE.  J  SE.  J  sec.  16,  T.  2  S.,  R.  14  W.,  it  is 
exposed  on  the  eastern  side  of  a  ridge,  where  it  rests  on  syenite. 
This  deposit  has  never  been  bored  through  and  its  thickness  is 
unknown.  Messrs.  Nethercut,  the  proprietors,  have  quarried  it -on 
a  small  scale  for  building  material.  The  coarser  matter  is  used  for 
building  the  outsides  of  chimneys  and  the  finer  is  employed  for 
lining  ^nes  and  hearths.  In  carrying  on  these  quarrying  operations 
the  material  was  penetrated  to  a  depth  of  15  feet  near  the  upper 
edge  of  the  deposit,  but  the  kaolin  had  not  been  passed  through. 

In  the  NE.  J  SW.  i  sec.  16,  80  or  100  yards  west  of  Mr.  Sol.  Xeth- 
ercut's  house,  an  excavation  8  feet  in  diameter  and  15  feet  deep  was 
made  for  tjie  purpose  of  testing  the  thickness  of  the  kaolin,  but  the 
imdertaking  was  abandoned  before  the  bed  was  cut  through.  At 
Mr.  Sol.  Nethercut's  house,  near  the  northwest  comer  of  the  NW.  } 
SE.  J  sec.  16,  a  well  18  feet  deep  shows  a  face  of  10  feet  of  kaolin 
in  the  bottom  of  the  well.  This  does  not  indicate  the  thickness  of 
the  deposit  at  this  place,  as  the  digging  was  stopped  before  the 
kaolin  was  penetrated. 

Kaolin  also  overlies  the  syenite  at  many  places  in  the  SW.  J  SE.  J 
sec.  16,  T.  2  N.,  R.  14  W. 

On  the  north  side  of  the  NE.  J  sec.  16  there  is  a  large  deposit  of 
kaolin  which  extends  across  the  line  into  sec.  9.  This  kaolin  varies 
somewhat  in  appearance  in  different  positions.  That  on  the  ea^stern 
side  of  the  SE.  JSE.  J  sec.  16  is  of  two  kinds.  One  bed  is  white 
or  grayish  white,  having  small  specks  and  streaks  of  a  gray  material 
scattered  through  the  white  ground  and  occasional  patches  of  iron 
stain.  The  other  contains  fewer  gray  patches,  but  is  of  a  pale  pink- 
ish or  brownish  tint.  The  pink-tinted  kaolin  generally  overlies  the 
gray  mottled  material. 

The  deposits  on  the  bank  of  the  stream  in  the  NE.  J  SW.  }  sec.  16, 
as  well  as  those  in  the  diggings  and  wells  in  this  division  of  the  land 
section,  have  generally  a  white,  chalky  appearance.  It  does  not  show 
so  much  iron  staining  or  gray  specks  as  the  material  found  in  the 
SE.  I  SE.  }.  sec.  16. 

The  deposit  found  in  the  NE.  J  sec.  16  and  the  SE.  }  sec.  0  is  a 
white  and  gray  streaked  material  very  similar  to  the  lower  gray- 
streaked  bed  in  the  SE.  \  SE.  }  sec.  16. 
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Aiudyses  of  kaolins  from  set.  16,  T,  2  S.,  R.  14  W, 


NW.  i  SR.  J. 


Silica  (SIO,) 4&62 

Alumina  (AliOa) 34. 18 

Iron  (fernc)  oxide  (FejOi) I  4. 05 

Lime  (CaO) j  .20 

Magnesia  (MgO) i     Faint  trace. 

Potash  (KfO) .53 

Soda  (Na«0) I  .54 

Manganese  (MnO; !  .17 

Wtfter 13.82 


Water  at  110«-115°  C 


99.11 
1.46 


8E.  J  SE.  \. 


44.97 

38.87 

1.34 

.25 

Faint  trace. 

.20 

.34 

Strong  trace. 

14.37 


100.34 
5.51 


The  distribution  of  pisolitic  kaolin  in  this  district  is  probably 
neariy  the  same  as  that  of  bauxite,  and  the  map  accompanying 
Dr.  C.  W.  Hayes's  report  on  Arkansas  bauxite"  shows  the  distri- 
bution of  bauxite  and  of  crystalline  rocks  in  Saline  County  so  far 
as  they  are  known.  As  in  the  other  bauxite  areas,  the  pisolitic 
kaolin  is  to  be  sought  well  below  the  surface,  where  it  is  probably  of 
better  color,  softer,  and  freer  from  iron  than  nearer  the  surface. 


TERTIARY    KAf)LIN    AT   BENTON 


Beds  of  kaolin  that  are  formed  by  the  decomposition  of  feldspar 
are  commonly  irregular  and  pockety  in  form,  owing  to  the  irregu- 
larity with  wliich  the  feldspathic  rocks  decay.  After  the  rocks  Tiave 
decomposed,  however,  the  kaolin  is  liable  to  be  washed  away,  and 
when  it  settles  to  the  bottom  of  a  body  of  water  it  will  be  spread 
out  in  horizontal  beds  like  other  sediments.  It  seems  probable  that 
some,  possibly  all,  of  the  sedimentary  kaolins  are  formed  in  this  way. 

At  Benton  two  beds  of  kaolin  are  associated  with  the  Tertiary 
deposits.  One  of  these  is  exposed  on  the  north  side  of  the  stream 
in  the  SW.  }  SW.  i  sec.  36,  T.  1  S.,  R.  15  W.,  on  the  slope  of  a  hill 
about  600  feet  northwest  of  Howe's  pottery  and  at  intervals  along 
the  face  of  the  liill  for  several  hundred  fe«t.  It  is  about  9  feet  thick 
and  looks  like  a  firm  white  clay.  Above  it  is  6  feet  of  coarse,  indu- 
rated red  sand,  and  above  this  is  a  thin  sandy  soil. 

The  association  of  this  bed  with  the  pottery  clays  and  its  attractive 
appearance  have  led  to  attempts  to  utilize  it  for  making  the  ordi- 
nary coarse  pottery  usually  manufactured  at  Benton,  but  as  it 
requires  treatment  different  from  that  given  the  common  pottery 
clays,  its  use  for  this  purpose  was  soon  abandoned. 
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Analysis  of  Tertiary  kaolin  from  Benton. 

[R.  N.  Bracken,  analyst.] 

SiHca(SiO,) :...    48.34 

Alumina  (AI3O,) 34. 58 

Iron  {ferric)  oxide  (FejO,) 1. 65 

Lime(CaO) 81 

Magnesia  (MgO) Trace . 

Potash  (K2O) 44 

Soda(NaaO) 1.26 

Loss  on  ignition  (water) 12.94 

100.02 
Water  at  ll(y>-115*>  C 2.20 

It  is  to  be  hoped  that  other  efforts  will  be  made  to  turn  this  bed  of 
kaolin  to  account.  It  should  be  remembered  that  no  kaolin  can  he 
used  just  as  it  comes  from  the  pit;  each  one  requires  a  treatment  of 
its  own,  and  he  who  experiments  with  this  variety  until  he  under- 
stands how  to  treat  it  will  probably  be  well  rewarded  for  his  trouble. 
It  must  not  be  expected,  however,  that  a  kaolin  that  contains  so  high 
a  percentage  of  iron  will  bum  white.  If  mixed  with  a  poor  sandy 
clay  it  will  probably  make  an  excellent  pottery  clay. 

CLAY  INDUSTRY. 

Eagle  Pottery  Company. — The  plant  of  the  Eagle  Pottery  Company 
is  located  1 J  miles  northeast  of  Benton.  It  has  a  capacity  of  800  to 
900  gallons  daily.  Four  turners  are  employed,  some  of  whom  turn 
300  gallons  a  day.  Twenty-two  pounds  of  clay  are  used  in  a  5-gallon 
vessel  and  6i  pounds  in  a  1-gallon  vessel.  The  smaller  the  vessel 
the  more  clay  is  used  per  gallon. 

The  ware  is  burned  in  a  rotary  up-draft  kiln.  Forty-eight  hours 
are  required  to  bum  the  ware.  Twelve  cords  of  wood,  mostly  pine, 
are  used  to  each  kiln. 

The  principal  vessels  made  are  jugs,  crocks,  jars,  and  chums,  which 
contain  from  1  to  5  gallons  each.  The  unglazed  ware  bums  to  a 
beautiful  light  buff  color.     Arkansas  slip  is  used. 

The  clay  used  by  this  factory  is  obtained  in  two  places.  The 
purest  and  best  clay  comes  from  a  pit  on  the  roadside  one-half  mile 
south  of  the  kiln,  l>etween  the  kiln  and  Benton.  When  fresh  the 
clay  has  a  chocolate  color,  but  becomes  white  when  dry.  It  is  phistic, 
free  from  grit  or  sand,  and  very  similar  in  appearance  to  the  cla}'  from 
Holly  Springs,  Miss.  It  occurs  in  large  lenses  and  is  overlain  by 
Lafayette  sands  and  gravel,  which  in  places  rest  directly  on  the  clay. 
In  some  places  the  stratified  sands  of  the  Tertiary  intervene  between 
the  clay  deposits  and  the  Lafayette.  The  clay,  therefore,  belongs  to 
the  older  Tertiary  sands  and  not  to  the  Lafayette.  Ijeaf  impressions 
in  the  clay  are  reported  to  be  of  frequent  occurrence. 
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The  second  locality  from  which  clay  is  obtained  is  at  the  pottery. 
This  is  a  dark-blue  stratified  clay  containing  more  or  less  sand.  An 
equal  amounrof  clay  from  the  two  localities  is  used  in  making  the 
ware. 

Benton  Brick  Manufacturing  Company. — Bricks  are  made  by  the 
Benton  Brick  Manufacturing  Company  from  a  surficial  deposit  that 
lies  above  the  Lafayette  gravel  beds.  It  is  a  very  sandy  brick  claj^ 
composed  of  about  one-third  clay  and  two-thirds  sand.  The  claj'  is 
hauled  from  the  pit  to  the  pug  mill  in  wheelbarrows.  The  pug  mill 
is  run  by  horse  power.  The  bricks  are  molded  in  a  hand  mold  and 
taken  to  a  shed,  where  they  are  dried  in  air  without  artificial  heat. 
When  the  bricks  are  sufficiently  dried  they  are  wheeled  to  a  rotarj' 
up-draft  kiln  and  burned.  The  plant  employs  eight  men  and  has  a 
capacity  of  5,000  bricks  a  day.  Five  days  and  nights  are  required  to 
bum  the  brick  and  20  cords  of  wood  are  used  to  the  kiln — 10  cords 
of  pine  and  10  of  oak.     The  clay  makes  bricks  of  poor  quality. 

SCOTT  COUNTY. 

GENERAL  GEOLOGY. 

The  geology  of  Scott  County  is  like  the  geology  of  those  parts  of 
S(»bastian  County  that  lie  below  the  coal.  The  coal-bearing  beds 
enter  Scott  County  only  through  the  parts  occupied  by  the  Poteau 
Mountains.  So  far  as  the  clays  alone  are  concerned,  however,  the  coal 
is  of  but  little  importance,  for  there  is  an  abundance  of  excellent 
('lav  shale  in  the  rocks  below  the  coal. 

Tlio  rocks  of  Scott  Countv  are  all  more  or  less  folded,  and  the  deuuda- 
tiori  tliat  has  removed  much  of  them  has  left  the  usual  ridges  of  sand- 
stone dominating  the  valleys  cut  in  the  shales. 

In  tlie  northern  part  of  the  county  there  are  long,  winding  sandstone 
ridges  with  shale  valleys  parallel  to  them.  Coops  Prairie,  already 
mentioned  under  Sebastian  County,  is  half  in  Scott  County,  Coops 
Kidg(»  swhiging  around  the  east  end  of  it.  Bluff  Ridge,  starting  a 
mil(»  south  of  the  eastc^rn  end  of  Coops  Kidge,  mns  a  little  north  of 
east  for  4  miles,  to  the  toll  bridge,  then  turns  northward  for  2  miles, 
and  then  swings  eastward,  crosses  Washburn  Creek  one-half  mile 
above  the  point  where  that  stream  enters  Petit  Jean  Creek,  and  thence 
continues,  eastward  and  southward  until  it  goes  nearly  aroimd  Jen- 
nings Hill.  Between  Jennings  Hill  and  Bluff  Ridge  there  is  another 
ridge  of  sandstone  that  completely  encircles  Jennings  Hill,  though 
it  is  twice  cut  bv  Petit  Jean  Creek. 

Tlu»se  ridges  of  sandstone  are  mentioned  only  for  the  purpose  of 
directing  attention  to  the  shale  beds  that  accompany  them,  for  the 
valleys  between  are  made  iip  for  the  most  part  of  shales  which  are  here 
argillaceous  and  there  sandy.  Washburn  Creek,  just  north  of  Pine 
Ijog  Ridge,  in  the  extreme  northern  end  of  Scott  Coimty,  flows  along 
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one 'of  these  shale  valleys.  East  of  the  mouth  of  Washburn  Creek 
t.  his  same  shale  valley  continues  past  Barber  post-office  into  Logan 
County.  South  of  Pine  Log  Ridge  another  long  but  narrow  valley 
c^rosses  this  end  of  the  county.  Still  farther  south  is  Bluff  Ridge, 
aalready  mentioned.  The  valley  south  and  east  of  Bluff  Ridge  is  a 
remarkable  one.  Geologically  it  begins  on  the  headwaters  of  Little 
I^etit  Jean  Creek,  southwest  of  the  toll  bridge,  passes  northward  by. 
Avay  of  Crow  post-office,  then  turns  eastward  to  the  mouth  of  Wash- 
"bum  Creek,  extends  down  Petit  Jean  Creek  to  the  point  where  it  cuts 
1:hrough  Bluff  Ridge,  and  there  swings  southward  and  westward  past 
"the  town  of  Belva.  Here  it  forks,  one  part  passing  westward  toward 
Oow,  the  other  swinging  southward  and  eastward,  where  it  runs 
^ong  the  north  base  of  the  Poteau  Mountains.  Ever^^where  through- 
out this  valley  are  shales,  some  of  them  clay  shales  and  others  more 
less  sandy.     Another  shale  valley  runs  completely  aroimd  Jennings 

ill. 

The  Poteau  Mountains  themselves  are   made  up  of  shales  and 
ndstones  that  are  higher  in  the  geologic  series  than  the  rocks  of  the 
ower  lands  both  north  and  south  of  them.     Near  the  base  of  the 
uthem  slopes  of  Poteau  Mountain  there  is  a  series  of  parallel  ridges 
nd  valleys.     These  ridges  are  of  sandstone  again  and  the  valleys 
^Detween  are  in  shales.     Beginning  at  the  Indian  Territoiy  line  in  sec. 
1,  T.  3  N.,  R.  32  W.,  one  of  these  shale  valle3\s  passes  just  north  of 
ipson  post-office  and  just  north  of  the  town  of  Cauthron,  and  so  on 
astward  to  the  valley  of  Self  Branch,  5  miles  north  of  the  town  of 
aldron.     South  of  the  Poteau  River  the  region  both  north  and 
uth  of  Walker  Mountain  is  made  up  of  a  series  of  sandstone  ridges 
nd  shale  valleys.     The  sandstones  predominate  here,  however,  and 
he  shales  do  not  form  such  thick  beds  as  they  do  north  of  the  Poteau 
ountains  or  in  the  region  about  and  south  of  Waldron. 
The  town  of  Waldron  stands  in  a  broad  shale  valley  which  j)asses 
or  5  miles  east  of  the  town  and  then  bends  northward  and  westward 
nd  swings  back  so  as  to  form  one  of  the  set  of  valleys  parallel  with 
oteau  Mountain  along  its  south  side.     A  mile  south  of  Waldron  is  a 
^sandstone  ridge  that  extends  a  few  miles  farther  west  and  bends  north- 
^vard,  ending  in  a  low,  hooked  ridge  about  2  miles  west  of  the  town. 
^ast  of  Waldron  this  same  ridge  continues  for  several  miles  along  the 
north  side  of  the  upper  part  of  Poteau  Creek.     South  of  this  sand- 
stone ridge  is  a  broad  shale  valley  through  which  runs  Haw  Creek  and 
the  headwaters  of  Poteau  Creek.     South  of  this  is  a  series  of  parallel 
ridges  of  sandstone,  the  most  prominent  of  which  are  Piney  Mountain 
and  Ross  Mountain.     The  shales  interbedded  with  these  sandstone 
beds  are  not  very  tliick,  but  many  of  them  are  available  for  the  manu- 
facture of  clay  goods.     One  ol  tlie  most  ]>romment  of  these  valleys  is 
that  along  which  Ross  Creek  flows.     This  is  a  shale  valley  about  1 1 
miles  in  length. 
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CLAY  DEPOSITS. 

Over  the  whole  of  the  valley  regions  of  Scott  County  ordinary  brick 
clays  occur  in  the  form  of  loam  or  buckshot  clays.  In  many  places 
this  brick  loam  is  from  2  to  6  feet  thick.  It  is  often  high  in  iron, 
however,  and  the  brick  made  of  the  clays  containing  much  iron  are 
likely  to  be  covered  with  dark  brown  or  black  spots,  and  the  bricks  as 
a  whole  usually  have  a  dark  color.  These  clays  are  especially  abun- 
dant in  the  upper  bottom  lands  of  Poteau  River,  from  the  point 
where  it  enters  Oklahoma  up  to  and  east  of  Waldron.  They  occur 
also  along  Black  Fork  of  Poteau,  along  Ross  Creek,  and  in  the  broader 
parts  of  the  valley  of  Fourche  La  Fave  River.  North  of  Poteau 
Mountain  similar  clays  are  found  in  the  upper  bottoms  of  all  the 
streams,  but  especially  in  those  of  Petit  Jean  Creek  and  its  principal 
tributaries,  and  along  Little  Washburn  Creek. 

No  establishments  of  any  kind  in  Scott  County  are  engaged  in  the 
manufacture  of  clay  products. 

SEBASTIAN   COUNTY. 

CLAY  DEPOSITS. 
CLASSES   OF   DEPOSITS. 

So  far  as  the  actual  development  of  the  clay  manufacturing  interests 
are  concerned  Sebastian  is  one  of  the  most  important  counties  in  the 
State.  This  development  could  not  have  taken  place,  of  course,  if  the 
geology  of  the  county  had  not  been  favorable  to  the  building  up  of 
the  clay  industries ;  but  the  fact  should  not  be  overlooked  that  so  far 
as  geology  alone  is  concerned  several  counties  in  the  State  are  as  well 
provided  with  valuable  clays  and  clay  shales  as  is  Sebastian  County. 

The  geologic  structure  of  Sebastian  County  admits  of  clays  and 
clay  shales  occurring  (1)  as  shales  in  place  in  the  uplands  of  all  parts  of 
the  county;  (2)  as  residuary  clays  in  the  uplands  derived  by  disinte- 
gration from  the  Paleozoic  shales ;  (3)  as  clays  in  the  **  second  bottoms  " 
or  the  elevated  Pleistocene  terraces  that  follow  the  general  course  of 
the  river  bottoms;  (4)  as  clays  in  the  alluvial  deposits  of  the  river 
bottoms. 

SHALES. 

The  rocks  of  Sebastian  County  all  belong  to  the  Carboniferous, 
except  the  clays  and  alluvial  deposits  along  the  Arkansas  River 
bottoms.  There  is  but  little  variation  in  the  older  rocks  of  this 
county.  They  consist  of  sandstones,  shales,  fire  clays,  and  coal.  It 
has  already  been  pointed  out  in  the  chapter  on  general  geology  that 
the  sandstones  and  shales  were  originally  deposited  in  water  as  hori- 
zontal beds  of  sediments,  and  that  vegetation  growing  in  marshes 
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aft^irwards  became  coal.  Subsecjueiitly  all  these  beds  have  been 
prossed  into  folds,  lifted  into  dry  land,  and  in  many  places  worn  away. 
The  sandstones  are  in  some  places  coarse  enough  to  be  considered 
:s  or  conglomerates,  while  the  shales  in  places  grade  over  through 
shales  to  fine  sandstones.  The  coal  is  confined  to  the  upper 
poi-tion  of  the  Carboniferous  rocks  in  Sebastian  County,  but  the  clay 
sKa^les  cover  a  larger  area  than  the  coal. 

The  sequence  of  the  rocks  varies  from  place  to  place  owing  partly  to 
the  fact  that  the  folding  and  erosion  of  the  beds  has  left  one  set  of  beds 
at  t.he  surface  at  one  place  and  another  set  at  aliother.  Moreover,  the 
l^orizontal  variation  of  the  beds  or  the  grading  of  fine  sediments  into 
coarser  ones  results  in  a  variation  in  the  sequence  of  the  beds,  espe- 
cia.lly  when  the  sections  considered  are  several  miles  apart. 

In.  the  process  of  denudation  (the  weathering  and  breaking  up  of 
th.e  rocks  and  their  removal  by  streams)  the  shales  decompose, 
re^.dily  forming  clays,  while  the  sandstones,  as  a  rule,  are  more  resist- 
aixt.  The  result  is  that  the  valleys  are  usually  cut  in  the  shales, 
w'hile  the  sandstones  are  left  capping  the  hills  if  the  beds  are  horizon- 
tal or  forming  long  winding  ridges  if  the  beds  are  /olded.  In  Sugar 
Loa,f  Mountain  and  in  Jennings  Mountain  the  beds  are  nearly  hori- 
zontal, and  these  mountains  are  capped  with  sandstone,  while  in  the 
lang^  narrow  ridges,  like  Long  Kidge,  just  north  of  Jenny  Lind;  Sand 
■^idge,  running  from  Hackett  City  to  Greenwood;  Nigger  Ridge, 
^^"^thwest  of  Huntington,  and  Devils  Backbone  Ridge  and  the  other 
p^^a^Uel  ridges  south  of  Greenwood,  the  resisting  beds  are  sandstones 
th^t  have  been  thrown  into  folds  and  then  eroded.  Inasmuch  as  the 
clo,y  shales  are  interbedded  with  the  sandstones  the  valleys  curve 
'^^t-h  and  follow  the  ridges,  and  it  is  in  the  valleys  that  the  shales  are 
^*®^a.lly  found.  At  some  places  the  shales  are  decomposed  into  soft, 
P*^«tic  pottery  clays,  as  noted  later,  but, more  frequently  they  are 
f^^^pact,  or  fissile,  breaking  up  under  the  influence  of  the  weather 
*^^;P  small,  angular  fragments. 

ie  of  the  most  important  manufacturing  interests  of  the  State  is 

_  on  the  clay  shales  of  the  coal-bearing  rocks  of  Sebastian  County, 

^^hich  are  used  in  the  manufacture  of  paving  bricks.     Tliis  industry 

■^^^Sbji  under  circumstances  not  without  interest.     In  1S89  the  citizens 

^*  ^ort  Smith  had  under  consideration  the  paving  of  their  streets,  and 

^*^^   State  geologist  of  iVrkansa^s  received  a  letter  from  Harr}"  E. 

I'^^Uey,  the  chairman  of  the  paving  committee,  asking  his  advice  in 

^^Kard  to  the  best  clay  of  the  region  about  Kort  Smith  for  the  manu- 

*^ture  of  paving  bricks.     The  State  geologist  visited  Fort  vSmit  h  and 

examined  the  clays  and  clay  shales  near  that  city.     He  found  that 

attempts  had  been  made  to  manufacture  paving  bricks  from  the 

8andy  clays  and  loams  of  the  river  terraces,  but  these  bricks  were,  of 

eouiBe,  too  soft  to  be  available  for  paving  streets.     It  was  pointed  out 
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to  the  committee  that  the  clay  shales  in  the  vicinity  of  the  city  were 
well  adapted  to  the  manufacture  of  paving  bricks.  This  opinion  was 
supported  by  analyses  made  by  the  State  Geological  Survey,  and 
later  by  practical  tests  made  by  brick  manufacturers. 

The  following  letter  was  addressed  to  the  paving  committee  after 
the  examination: 

Dear  Sir:  At  the  request  of  the  paving  committee  of  your  board  of  commerce  I 
have  made  a  cursory  examination  of  the  material  in  the  immediate  vicinity  of  Fort 
Smith  with  a  view  to  ascertaining  its  availability  for  the  manufacture  of  paving  brick. 

The  clays  and  clay  shale^about  Fort  Smith  available  for  the  manufacture  of  bricks, 
tiles,  pottery,  etc.,  belong  to  two  distinct  geologic  ages.  To  the  newer  division 
belong  the  yellowish,  reddish,  and  dove-colored  loams,  clays,  and  sandy  clays  which 
underlie  almost  all  the  plain  upon  which  the  city  of  Fort  Smith  is  built. 

The  bricks  now  made  at  Fort  Smith  are  made  either  from  the  uppermost  of  these 
beds  or  from  a  mixture  of  this  and  the  one  just  beneath  it,  as  is  now  practiced  at  Pen- 
die  &  Morrison's  brickyards. 

In  some  of  the  deeper  hollows  there  are  later  deposits  of  chocolate-colored  clay 
which  by  the  admixture  of  organic  matter  has  been  dianged  to  a  deep  black  soil  at 
the  surface.    An  analysis  of  a  similar  clay  from  near  Dardanelle  is  given  below. 

The  other  class  of  material  which  is  available  for  the  manufacture  of  pottery,  bricks, 
tiles,  etc.,  is  a  clay, shale  belonging  to  the  Carboniferous  series  of  rocks.  The^ie 
shales  are  interstratified  with  sandstones  and  other  rocks  of  the  coal  measures  and  are 
probably  widely  distributed  through  Sebastian  and  adjoining  counties.  The  clay 
said  to  have  been  taken  from  Crawford  County  to  the  brickyards  of  Pendle  &  Morri- 
son for  testing  is  simply  a  disintegrated  clay  shale.  The  light-colored  and  mottled 
clays  overlying  the  sandstones  of  Harding  &  Boucher's  quarry,  a  couple  of  miles  soutii 
of  Fort  Smith,  are  also  disintegrated  clay  shales.  An  extensive  exposure  of  such 
sliales,  however,  occurs  much  nearer  the  city.  On  the  public  road  leading  south 
from  Fort  Smith  and  about  600  feet  south  of  the  crest  of  what  is  popularly  known  as 
Nigger  Hill  the  ditches  beside  the  road  have  exposed  a  thickness  of  10  or  15  feet  of 
fria])le  clay  shales.  This  shale  bed  is  capped  by  a  stratum  of  sandstone,  but  its  base 
is  not  exposed.  It  will  be  found  to  extend  around  the  hills  on  both  sides  of  the  road, 
and  there  can  be  no  question  of  its  great  abundance  both  at  the  locality  mentioned 
and  in  the  continuation  of  the  bed  around  the  sides  of  the  hills. 

Following  is  an  analysis  of  the  clay  shale  from  Nigger  Hill,  in  the  vicinity  of  Fort 
Smith : 

Ayialysis  of  clay  shale  from  Nigger  Hill. 

[Specimen  drUnX  at  110°-115°  C.    Brackett  &  Smith,  anHlysta.] 

Silica  (SiOj) 58.43 

Alumina  (AUOg) 22. 60 

Ferric  oxide  (FcoOa) 8. 36 

Lime  (CaO) 32 

Magnesia  (MgO) 1. 14 

Potash  (K^O) 2. 18 

Soda(Na,0) 1.03 

Sulphur  (S) 16 

Loss  on  ignition 6. 87 

100. 99 

Sand  in  air-dried  specimen 25. 72 

Water  at  110°-115^  C 3.37 
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The  clay  shales  spoken  of  as  cropping  Hoiith  of  the  city  would,  of  course,  have  to  be 
ground  before  they  could  be  URe<i  for  the  manufacture  of  either  pottery  or  bricks, 
hut  in  view  of  the  nature  of  these  clays,  the  ease  with  which  they  can  be  dug  and 
ground^  and  the  extent  of  tlie  beds,  it  woiild  seem  very  desirable  that  thorough  prac- 
tical tcfbts  should  be  made  of  this  material  and  of  itis  availability  for  making  pottery, 
tiles,  retorts,  fire  bricks,  and  paving  bricks.  It  will  doubtless ^be  found  necessary 
to  mix  with  this  material  a  certain  proportion  of  the  sandy  clays  so-  abundant  all 
about  Fort  Smith,  but  a  practical  brickmaker  can  readily  determine  these  propor- 
tions by  a  few  trials. 

I  do  not  think  there  can  be  any  doubt  about  the  formations  sjwken  of  al)ove  fur- 
nishing excellent  material  for  the  manufacture  of  paving  V)ricks,  i)ottery,  tiles, 
etc.    *    *    *  . 

Trusting  that  these  clays  and  clay  shales  may  receive  fn)m  our  citizx'ns  the  atten- 
tion to  which  they  are  justly  entitled,  I  remain, 

Very  respectfully, 

J.  C.  Brannku,  State  (rrolo(jist. 

The  analyses  showed  the  shales  to  be  available  for  I  he  jiianufac- 
lure  of  paving  bricks,  and  practical  t^^sts  bore  out  these  results  and 
predictions. 

Samples  of  the  shale  were  also  sent  for  testing  to  the  Brick  and 
Terra  Cotta  Manufacturing  Company,  of  St.  Joseph,  Mo.,  and  the 
results  obtained  w-ere  favorable. 

Specimens  were  also  taken  from  the  property  of  the  Oak  Park 
Land  Company  in  the  SE.  \  NW.  i  sec.  35,  T.  9  N.,  R.  32  W.,  and 
shipped  for  testing  to  the  Tennessee  Brick  Manufacturing  Company, 
at  Memphis.  The  following  letters  were  received  by  Mr.  May  in 
regard  to  these  tests: 

Memphis,  Tknn.,  Amjust  JO,  JSSV. 
X.  May,  Ksq.:  In  regard  to  the  manner  in  which  the  bricks  wore  made  from  the 
eamples  of  Fort  Smith  clay  or  shale,  will  say:  Each  sample  wa«  separately  pulver- 
ized, pugged,  and  moldcnl  by  hand,  the  oldest  and  mont  crude  method  known  for 
making  bricks.  With  proper  appliances  for  making  and  burning  it  would  prtnluce 
a  brick  not  surpassed  anywhere  in  the  country  for  strength  and  (lura]>ility  and  suit- 
able for  any  purpose  where  the  best  bricks  are  nKpiired.  It  will  admit  of  rapid 
drying  without  cra(*king. 

Very  truly,  yours,  Hakky  McCie,  x^upcrintfwUut. 

Memphis,  Tknn..  Aii(jui<t  IJ,  issft. 
Mr.  Noel  May. 

Dear  Sir:  The  tests  that  1  have  made  of  the  new  Fort  Smith  l>rick  sliow  vcrv 
excellent  results.  The  samples  made  of  mixed  clay  arc  tlic  best.  The  unmixod- 
clay  samples  are  very  good  ])uilding  ])rick,  sui(al»lc  for  sewers  and  foundations,  strong. 
dense,  and  heavy.    Tliey  will  l)e  durable  in  any  j)osition. 

The  samples  made  of  mixed  clay,  the  two  kinds  lu'ing  coml)ino<l  in  al»oul  c<iual 
quantities,  show  remarkable^  strength  and  toughness.  I  made  the  ptTcussion  test 
on  three  samples  and  at  the  same  time  <m  one  of  the  AVest  Virginia  brick,  same  as 
we  used  on  North  and  East  Court  streets.  Tlie  Fort  Smith  samples  were  fully  e(jual, 
and  I  think  rather  superior,  to  the  West  Virginia,  showing  less  al)rasion  an<l  less 
granulation. 

I  hope  you  will  continue  your  ex{)eriments  in  mixing  varying  (luantities  of  the 
different  clays  until  you  have  the  strongest.  Then  you  will  have  a  superior  paving 
brick. 

Truly,  yours,  U .  t^ .  ^^\\.\  .>lv.  . 
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By  the  month  of  November,  1889,  W.  A.  Doyle  was  using  the 
Nigger  Hill  clay  shales  at  Fort  Smith  in  the  manufacture  of  paving 
bricks.  The  business  succeeded  from  the  outset,  and  there  was  soon 
built  up  at  that  place  a  large  and  prosperous  business  in  the  manu- 
facture of  paving  and  building  bricks  from  the  shales. 

Two  analyses  are  here  given  of  the  Fort  Smith  clay  shales,  and  for 
purposes  of  comparison  analyses  ef  the  well-known  Carboniferous 
shales  of  Aknm.  Ohio,  and  of  Cheltenham,  Mo.,  are  added. 

Analyses  of  clay  shales. 
rSpecimens  dried  at  110<'-115°  C.    Brackett  &  Smith,  analysts.] 


Silica  (SiOj) 

Alumina  (AltOj) 

Iron  (FejOs) 

Lime  (CaO) 

Magnesia  (MgO) 
Potash  (KsO)... 

Soda  (Na.0) 

Sulphur  (S) 

lyoss  on  ignition . 


Sand 

Water  at  110°-11.5°C, 


Fort  Smith. 


Harding  & 

Boucher's 

quarr>'. 


57.10 

23.74 

a  18 

.53 

1.04 

1.53 

.87 


7.21 


100.20 

.12 

4.24 


W.  A. 

Doyle's 
paving- 
brick  kiln. 


Chel- 
tenham, 
Mo. 


58.43 

22.50 

8.36 

.32 

1.14 

2.18 

1.03 

.16 

6.87 


10a09 

2&72 

3.37 


These  Carboniferous  shales  outcrop  at  many  places  in  the  vicinity 
of  Fort  Smith  and,  indeed,  in  all  parts  of  Sebastian  County.**  They 
are  exposed  at  W.  A.  Doyle's  paving-brick  factory  between  Towson 
and  Wheeler  avenues,  Fort  Smith;  at  Harding  &  Boucher's  quarry 
in  the  northeast  corner  of  the  SW.  J  sec.  28,  T.  8  N.,  R.  32  W.;  and 
immediately  across  the  Texas  road  from  Harding  &  Boucher's  quarry, 
on  the  railway  track  running  through  the  SE.  }  sec.  20  and  the  NE.  \ 
SE.  }  sec.  29  of  the  same  township  and  range.  They  are  also  seen 
in  a  railway  cut  on  the  lands  of  the  Oak  Park  Company  in  the  SE.  J 
XE.  i  sec.  35,  T.  9  X.,  R.  32  W.  At  all  these  places  the  shale^s  have 
disintegrated  and  formed  a  clay.  A  well  on  the  Adams  lot,  in  the 
XE.  }  SW.  i  sec.  15,  T.  8  X.,  R.  32  W.,  shows  a  section  of  this  clay 
10  feet  thick.  At  Harding  &  Boucher's  (juarry  the  clay  formed 
from  the  disintegrated  shale  has  a  thickness  of  6  feet,  and  in  the  rail- 
way cut  through  sees.  20  and  29  a  thickness  of  3  feet  is  visible. 
The  analysis  of  the  Harding  &  Boucher  shales  is  given  above. 

There  are  exposures  also  in  the  banks  of  a  small  stream  near  Now- 
land's  spring,  in  the  XE.  }  XE.  J  sec.  34,  T.  9  X.,  R.  32  W.  In  the 
SW.  J  XE.  }  sec.  9,  T.  8  X.,  R.  31  W.,  near  the  center  of  the  section, 
and  in  the  SW.  i  SW.  }  sec.  7,  T.  7  X.,  R.  31  W.,  and  in  a  cutting  on 
the  Little  Rock  road  in  the  SW.  }  SE.  }  sec.  15,  T.  8  X.,  R.  32  W., 
similar  shales  are  exposed.     In  these  sections  the  shales  are  overlain 

•  

a  The  notes  on  the  occurronce  of  shales  Hbout  Fort  Smith  aro  by  William  Kennedy. 
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by  grayish-brown  sandstone,  and  retain  their  shaly  character  in  a 
greater  or  less  degree  according  to  the  protection  given  to  them  by  the 
overlying  sandstone. 

In  the  section  at  Nowland's  spring  the  bluff  is  protected  by  a  cover- 
ing of  grayish-brown  sandstone  about  4  feet  thick.  The  shales 
immediately  under  the  sandstone  are  blac*.k,  hard,  and  somewhat 
arenaceous.  Thin  beds  of  iron-^ptained  cjuartz  run  throughout  the 
upper  10  feet  of  the  shales.  Below,  where  they  are  exposed  to  the 
action  of  the  waters  of  the  stream,  the  shales  form  a  soft,  bjue  clay- 
like material.  These  blue  shales  are  about  4  feet  thick  and  overlie  a 
series  of  soft  black  shales. 

In  the  bluff  overlooking  Arkansas  River  in  the  SW.  }  NE.  }  sec.  19, 
T.  8  X.,  R.  31  W.,  near  the  center  of  the  section,  the  covering  is  a 
heavy  bed  of  bro^soiish  sandstone  7  feet  thick.  The  shales  beneath  are 
light  yellow  for  5  feet  immediately  below  the  sandstone,  and  3  feet 
of  soft  black  shales  are  exposed  below  the  yellow. 

The  quantity  of  talus  along  the  bluff  is  so  great  that  the  shales  are 
almost  everywhere  covered  up.  In  the  section  shown  at  the  end  of 
the  bluff  in  sec.  19  the  sandstone  projects  about  7  feet  beyond  the 
underlying  shales. 

The  following  is  a  section  at  the  end  of  the  bKiff  in  the  SW.  }  NW.  \ 
sec.  19,  T.  8  N.,  R.  31  W.: 

Section  in  hluff  of  Arkansas  River. 

Feet. 

Brownish,  heavily  Iwdded  saiulstono 7 

Soft,  friable,  yellowish  shale,  with  whitish   streaks  in   the   upper 

division 5 

Black    shale  somewhat  harder   than   the  yellow,  and  containing 

some  red  streaks 3 

Talus  covering  black  shales  to  the  level  of  the  river 150 

A  section  in  the  SW.  J  SW.  }  sec.  7,  T.  7  N.,  R.  31  W.,  gives  the 
following: 

Section  in  SW.  \  SW.  \  sec.  7,  T.  7  A'.,  R.  31  W. 

Sandstones 7 

Yellow  shales,  soft  where  expos<»d  and  forming  dark  yellow  <'lay. ...  4 

Black  shales 10 

Sandstcmes 5 

Blue  shales 70 

Black  shales. 

The  black  shales  lying  at  the  base  of  the  l)luirs  in  sec.  19,  T.  8  N., 
R.  31  W.,  and  in  sees.  24,  26,  34,  35,  27,  and  28,  T.  8  N.,  R.  32  W.,  on 
the  north  side  of  Massard  Prairie,  and  in  sec.  6,  T.  7  N.,  R.  31  W.,  on 
the  southeast  side  of  the  prairie,  are  the  same  beds,  and  they  pass 
under  Massard  Prairie  in  an  almost  horizontal  position.  These  shales 
are  also  seen  at  a  few  places  where  Massard  Creek  and  one  or  two 
snudler  streams  have  cut  down  through  the  overlying  yellow 
prairie  soil. 
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Wherever  the  shales  are  exposed  they  rapidly  disintegrate  and 
form  a  stiff  clay,  having  approximately  the  colors  of  the  shales  from 
which  the  clav  has  been  fonned. 

The  following  is  a  section  at  Doyle's  paving-brick  factory: 


Fwt. 


^Section  at  Doyle's  paving-brick  factory , 

Red  sandy  clay  containing  waterwom  pebbles  in  considerable 
quantities 2 

l^ue  and  black  shales  interstratified  and  inclosing  some  thin  IkmIs 
ofred  arenaceous  shale 25 

Sandstone  at  the  base. 

In  this  section  the  gravel  and  clay  overlying  the  shales  have  par- 
tially obstructed  the  work  of  disintegration,  so  that  the  shales  have 
not  yet  completely  disintegrated.  The  softer  blue  shales  have  for 
the  most  part  disappeared  in  the  clay,  but  the  haMer  black  and  red 
shales  still  remain  in  their  shaly  form,  although  somewhat  soft  and 
easily  crushed. 

Wherever  the  shales  have  been  exposed  by  the  removal  of  the 
overlying  sandstones  and  gravel  they  readily  lose  their  shaly  char- 
acter and  assume  the  condition  of  a  plastic  clay,  having  the  color  and 
position  in  the  series  of  the  shales  from  which  they  are  derived. 

At  Harding  &  Boucher's  quarry,  H  miles  south  of  Fort  Smith,  in 
the  northwest  corner  of  the  SW.  \  sec.  28,  T.  8  N.,  R.  32  W.,  the 
surface  material  consists  of  about  6  feet  of  disintegrated  shales, 
which  rests  on  the  sandstone  of  the  quarry.  These  shales  have 
disintegrated  and  formed  a  gray  mottled  clay.  In  the  lower  part  of 
the  bed  the  disintegration  is  not  always  complete  and  fragments  of 
shale  ar(^  scattered  through  the  clay.  Analyses  of  these  clays  and 
shales  are  given  below. 

Th(»  shales  exposed  along  the  Missouri  Pacific  .Railway  track 
through  the  SE.  \  sec.  20,  T.  8  N.,  R.  32  W.,  arc  in  the  same  disinte- 
grat(Hl  and  clayey  condition  as  those  seen  higher  up  the  hill  at 
Harding  &  Boucher's  quarry. 

.{rmbjscs  of  argillaceous  shales  from  Fort  Smith. 
[SiwciiiK-n  dried  at  110°-n5°  C.     Bruckett  A  Smith,  analysts.] 


nm^     Harding  &  noucher's  quarry. 


1. 


Silica  (SiOj) _ 

Alumina  (Alj(>,:i 

Ferric  oxide  (,  Vo^Oa  • 

Lime  (CaO) 

Magnesia  (MgO) 

Potash  (K.O) 

Sotla  (Na^O) 

Sulphur  (Si 

Loss  on  ignition  (water) 


58  43 

22.  .W 

8.36 

.;i2 


2. 

3. 

f)7. 10 
23. 74 

i          8.  IS 

05.12 
19.05  ■ 
7.66  ; 

14 

18 

16 


.53 
l.(>4 
1.53 

.87 


.34 

.31 

1.23 

.85 


42.12 

ia84 

as.  35 

.28 

.74 

LIO 

L85 


Sand  in  air-drv  specimen. 
Water  at  110°-112«  C 


6.87 

7. 21 

100.20 

76.40 

4.24 

6.12 

8.77 

100.  W 

25  72 

;t37 

100.68 

21.88 

4.79 

ioao5 

None, 
a  19 
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The  Nigger  Hill  shale  is  from  the  paving-brick  kiln  of  W.  A.  Doyle 
on  Towson  road,  Fort  Smith;  the  other  three  are  from  Harding  & 
Boucher's  quarry  in  the  northwest  comer  of  the  NW.  }  sec.  28,  T.  8  N., 
R.  32  W.  Sample  2  is  from  the  gray  clay  about  3  feet  below  the 
surface;  sample  3  is  from  the  yellow  mottled  with  red;  and  sample 
4  is  from  the  undecomposed  shale  next  to  the  sandstone  beneath. 

It  is  not  possible  to  specify  all  the  places  at  which  clay  shale^s 
available  for  the  manufactiu*e  of  bricks,  sewer  pipe,   and  similar 
products  may  be  found  in  Sebastian  County.     They  are  associated 
with  the  coal  at  many  places  in  the  coal  mines.     Many  of  the  clays  ' 
that  lie  inunediately  beneath  the  coal  are  available  as  firo'clays. 

A  specimen  of  gray  clay  from  KcKenna's  quarry,  near  Hackett 
City,  was  sent  in  by  Mr.  Ed.  McKenna.     The  analysis  is  given  below. 

Analysis  of  gray  clay  from  McKenna' s  quarry  ^  at  Hackett  City. 
[Material  dried  at  110»-115»  C.    R.  N.  Brackett.  analyst.] 

Silica  (SiOa) 54.13 

Alumina  (ALjOj) 30. 69 

Ferric  oxide  (FejOa): 3. 15 

Manganese  oxide  (MnO) Trace. 

Lime(CaO) 63 

Magnesia  (MgO) 94 

Potaah  (KaO) 49 

Soda(NaaO) 2.01 

Loss  on  ignition 8. 54 

100.58 
"Water  at  110°-115°  C 4.82 

At  the  Hartshorn  coal  mine,  4  miles  south  of  Fort  Smith,  is  a  bed 
of  dark-gray  shale  4  feet  thick.,  A  sample  was  sent  to  the  Survey 
by  Mr.  W.  A.  Doyle,  of  Fort  Smith,  and  analyzed,  wdth  the  results 
given  below.  The  relation  of  this  shale  to  the  coal  at  the  mine  is 
not  stated. 

Analysis  of  shale  from  the  Hartshorn  coal  mine. 
[Material  dried  at  110*'-115*'  C.    U.  N.  Bracket,  analyst] 

Silica  (SiOg) 70.83 

Alumina  (AI2O3) 17.40 

Ferric  oxide  (Fe.Pa) 3.  f)4 

Magnesia  (MgO) 91 

Potash  (K2O) 25 

SociaCXaaO) 1.72 

Loss  on  ignition 4.  05 

99.  79 
"Water  at  110°-15r  C 76 

The  region  about  Mansfield  may  be  taken  as  a  type  of  the  topog- 
raphy and  geology  of  most  of  the  country  south  of  Fort  Smith.     The    a 
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accompanying  section  (fi^.  17),  by  Professor  Purdue,  shows  the  general 
character  of  the  geology  and  the  relation  to  each  other  of  the  shales 
and  sandstones  of  the  region.  There  are  long  parallel  ridges  of  sand- 
stone with  shale  valleys  between.  The  shales  are  at  some  places 
so  interbedded  with  sandst(mes  that  they  are  hardly  available  for 
manufacturing  puq>oses  on  a  large  scale,  but  for  the  most  part  they 
form  beds  of  enormous  thickness  and  of  a  composition  suitable  for 
making  paving  bricks,  sewer  pipe,  and  fire-clay  goods.  Just  north 
of  Mansfield  the  heavily  shaded  area  in  the  section  represents  the 
clay  shales  used  by  the  Choctaw  Pressed  Brick  and  Terra  Cotta 
Company. 

One-half  mile  south  of  the  town  an  almost  unbrokfen  ridge,  known 
as  Coops  Ridge,  incloses  a  small  circular  valley.  The  ridge  is  made 
up  of  sandstones  that  dip  southward  on  the  south  side  and  north- 
ward on  the  north  side;  in  other  words.  Coops  Ridge  surrounds  a 
small  anticlinal  valley,  called  Coops  Prairie.  Inside  of  this  valley 
arc  thick  beds  of  clay  shales  that  are  probably  available  for  the  manu- 
facture of  various  kinds  of  glay  goods.  The  valley  between  Coops 
Ridge  and  the  town  of  Mansfield  is  more  than  a  quarter  of  a  mUe 


>:^v 


Fiu.  17.— North-south  section  showing  structure  and  relative  positions  of  the  shales  and  sondstonet 

from  Coops  Ridge  to  Salem,    sh,  Shale;  ss.  sandstone. 

wide  and  is  cut  in  shales  that  extend  westward  to  Cherokee  Prairie 
and  then  swung  back  eastward  around  the  south  side  of  Coops  Ridge 
and  form  the  broad,  open  valley  that  lies  about  the  village  of  Fuller, 
in  Scott  County,  and  extends  a  mile  east  of  it,  and  then  swing  w^est- 
w^ard  again  and  around  to  Mansfield.  North  of  Black  Jack  Ridge 
is  another  shale  valley  not  more  than  a  quarter  of  a  mile  wide  that 
extends  from  James  Fork,  4i  miles  west  of  Mansfield,  northeastw^ard 
past  Mansfield  4  miles,  and  swings  westward  past  the  town  of  Dayton, 
which  stands  in  the  shale  valley.  Another  shale  valley  parallel  in 
the  main  with  the  last  one  mentioned  begins  a  mile  south  of  Liver- 
pool post-office  and  runs  northeastward  parallel  to  and  just  south  of 
Nigger  Ridge,  crossing  Cherokee  Creek  a  mile  south  of  the  town  of 
Huntington,  and  about  2  J  miles  farther  east  it  swings  northward  and 
then  westward  about  4  miles,  when  it  turns  due  northward  and 
extends  for  5  miles  or  more  along  the  east  base  of  Devils  Backbone 
Ridge.  This  same  bed  of  shale  can  be  traced  for  many  miles  along 
the  base  of  this  ridge  past  Burnsville  post-ofiice  into  the  eastern  edge 
of  Sebastian  County. 
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This  description  is  doubtless  sufficient  to  show  that  the  clay  shales 
of  Sebastian  County  are  widespread  over  the  entire  county,  and 
that  the  beds  are  of  great  thickness.  The  value  or* availability  of 
each  bed  has  not  been  determined,  but  such  tests  can  be  made  prac- 
tically whenever  it  becomes  necessary  to  consider  the  location  of  a 
manufacturing  plant,  and  a  brief  examination  of  the  geology  should 
show  the  distribution  of  the  materials. 


POTTERY    CLAYS. 

It  has  already  been  pointed  out  that  the  shales  of  this  region 
break  up  or  decompose  imder  the  influence  of  the  weather,  forming 
plastic  clays.  Such  clays  are  available  for  the  manufacture  of  pav- 
ing bricks  and  sewer  pipe,  or  for  pottery.  Clays  thus  formed  are 
about  the  only  ones  used  for  the  manufacture  of  pottery  in  the  upland 
regions  of  Sebastian  Coimty. 

The  only  pottery  clay  that  was  used  in  Sebastian  County  in  1889 
came  from  the  S.  J  SE.  J  sec.  27,  T.  7  N.,  R.  30  W.  An  examination 
of  the  geologic  structure  of  the  region  in  which  it  is  found  affords 
evidence  of  its  origin  and  suggests  where  other  and  similar  clays 
may  be  foimd  in  this  county. 


BacKbone  Ridge 


Little  Whiteoak  Ridge 


Biswell  Hill 


Butler  Ridge 


Flo.  18.— North-south  section  through  BisweU  HiU. 

The  place  at  which  this  clay  occurs  is  at  the  north  base  of  Little 
White  Oak  Ridge.  This  ridge  runs  southwestward  toward  Green- 
wood and  northeastward  past  Auburn  post-office,  where  it  curves 
westward,  merges  into  Butlers  Ridge,  runs  northwestward  and  ends 
at  Butlers  Knob,  in  sec.  10  of  this  same  township  and  range.  To 
the  west  of  Biswell  Hill  it  appears  again,  striking  away  to  the  west 
and  southwest,  where  it  is  known  as  Tennessee  Ridge.  The  rocks 
of  this  line  of  ridges  dip  away  from  Biswell  Hill  on  all  sides,  and  a 
north-south  section  through  Comby's  clay  pits  would  expose  the 
rocks  as  they  are  shown  in  the  section  below. 

A  section  across  Little  White  Oak  Mountain,  Biswell  Hill,  and 
Tennessee  Ridge  would  display  practically  the  same  structure  as  that 
shown,  above.  This  structure  explains  the  origin  of  the  Comby 
clays  and  suggests  at  the  same  time  that  similar  clays  may  extend 
along  the  northwest  side  of  Little  White  Oak  Ridge,  the  southwest 
side  of  Butlers  Ridge,  and  the  south  side  of  Tennessee  Ridge. 

The  example  cited  above  is  given  for  the  purpose  of  illustrating 
the  general  features  of  the  geologic  structure  of  Sebastian  County  and 
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to  show  the  origin  of  the  residuary  pottery  clays  rather  than  to 
explain  the  presence  of  clay  at  a  single  looality.  Throughout  the 
entire  county  the  rocks  are  thrown  into  folds  and  eroded,  and  wher- 
ever the  argillaceous  shales  are  exposed  to  decomposing  agencies 
they  have  been  changed  into  plastic  clays. 

In  searching  for  the  clays,  or  the  clay  shales  from  which  they  are 
derived,  one  must  keep  in  mind  the  structural  features  of  the  region 
and  the  agencies  by  which  the  clays  are  produced  and  mcklified.  It 
should  not  be  forgotten,  however,  that  sedimentary  rocks  frequently 
change  in  character  in  passing  along  the  outcrops,  so  that  what  is  a 
sandstone  at  one  place  may  be  an  arenaceous  shale  at  another  &nd  an 
argillaceous  shale  at  a  third  locality. 

The  upland  clays  of  Sebastian  County  are  confined  to  the  region  of 
Paleozoic  rocks.  These  clays,  however,  are  not  all  produced  by 
decomposition  directly  from  the  argillaceous  shales.  Some  of  them 
have  been  washed  into  the  valleys  and,  mingled  with  the  residual 
rocks  of  the  region,  have  formed  ** buckshot  clays"  by  precipitation 
within  them  of  the  iron  carried  in  solution  by  percolating  waters. 
The  method  by  which  these  clays  are  formed  is  described  in  Chapter 
II  of  this  report.  These  "buckshot  clays"  are  not  available  for 
the  manufacture  of  pottery,  but  they  are  used  more  or  less  for  making 
bricks. 

comby's  clays. 

The  clay  formerly  used  at  Comby's  pottery  is  a  light-yellowish 
surface  clay,  found  in  a  low-lying  piece  of  ground  in  the  S.  J  SE.  J 
sec.  27,  T.  7  N.,  R.  30  W.,  where  it  has  a  depth  of  about  2i  feet.  The 
mode  of  origin  of  this  clay  has  already  been  described. 

Analysis  of  Comby's  pottery  clay. 

[Bracki'tt  &  Smith,  analysts.] 

Silica  (SiOj) 8L  61 

Alumina  (AI2O3;) 10.  52 

Iron  (ferric)  oK'u\c  {VoJ\) 2.  70 

Lirae(CaO) '. 32 

Magnesia  (MgC)  1 49 

Potash  (K2O) 66 

Soda  (NajO) 57 

Manganese  (MnO ) Trace. 

Water  (H2O) 3.d5 

100.73 

\ValeratllO*»-115°(' 3.  §6 

Fine  sand 18.43 

The  ware  from  this  clay  is  of  poor  quality  and  consists  chiefly  of 
such  articles  as  are  in  local  demand,  such  as  chums,  jugs,  crocks,  and 
jars.  No  other  kinds  of  ware  have  been  manufactured.  It  can  not 
be  said  that  this  clay  has  been  so  tested  as  to  establish  or  disproTO 
its  availability  for  the  manufacture  of  pottery. 
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Close  to  the  kiln  and  on  the  same  quarter  section  there  is  a  small 
deposit  of  stiff  light-blue  clay  which  has  been  turned  for  pottery,  but 
without  success.  When  this  blue  clay  was  used  alone  the  ware  made 
from  it  cracked  in  drying.  A  mixture  of  this  and  a  pale-blue,  almost 
white,  sandy  clay  from  the  NE.  \  NE.  }  sec.  7,  T.  6  N.,  R.  30  W.,  has 
also  been  tried  with  some  success.  The  results,  however,  were  not 
altogether  satisfactory  and  the  work  was  abandoned. 

The  pale-blue  sandy  clay  from  sec.  7,  T.  6  N.,  R.  30  W.,  outcrops  at 
several  places  along  the  side  of  a  small  hill  and  in  the  bottom  and 
banks  of  a  small  stream  that  crosses  the  wagon  road  leading  from 
Greenwood  to  Charleston.  Mr.  Comby  tried  this  clay  alone  for  the 
manufacture  of  pottery,  but  with  the  appliances  at  command  he  did 
not  succeed.  When  mixed  with  the  surface  clay  from  the  SE.  J 
SE.  J  sec.  27,  T.  7  N.,  R.  30  W.,  the  results  were  fairly  successful. 

GLAZING   MATERIAL. 

Mr.  Comby  tried  a  black  silt  found  on  the  bottom  lands  at  the 
mouth  of  Vache  Grasse  Creek  for  glazing  purposes.  It  is  said  to  have 
served  the  purpose  of  a  slip,  but  not  much  reliance  can  be  placed 
upon  the  experiment.  Analyses  of  this  river  deposit  and  of  the 
Albany  sUp  have  been  made  by  the  Arkansas  Geological  Survey. 

Arialysis  of  Vache  Grojtse  and  Albany  slip. 
[Brack(*tt  &  Smith,  analysts.] 


I 


Vach(» 

G  rass() 

slip. 


Albany 
slip. ' 


SiUc«(8IOi) 

Alumina  ( AlsOi) 

Iron  (fenic)  oxide  (FcsO,) 

Ume  (CftO) 

liagneflia  (MgO) 

PotAah(K,0) 

8oda(NatO) 

Water  (HtO) 


70.95 

.w.a'i 

12,24 

14. 8« 

4.73 

fi.7fi 

1.90 

6.  »)l 

.97 

3.<W 

1.14 

1.18 

.m 

.80 

7.01 

7.41 

99.  m 

9S.  75 

PRAIRIE    CLAYS. 

Over  the  whole  of  the  upland  portion  of  Sebastian  County  the  soils 
are  derived  by  decomposition  from  the  rocks.  The  materiuLs  are 
shifted  somewhat — washed  down  from  the  slopes  and  spread  over  the 
valleys — and  are  aftcn\^ard  more  or  less  leached  and  altered  by 
secular  weathering.  This  process  produces  what  are  popularly 
known  as  "buckshot  clays"  of  the  prairies  and  slashes.  These  clays 
are  not  specifically  mentioned  as  characteristic  of  this  county,  but  as 
they  are  derived  chiefly  from  the  shales  they  are  mentioned  under 
this  general  head. 

The  whole  of  sec.  3,  the  greater  part  of  sec.  2,  the  SE.  }  sec.  4,  the 
NE.  J  NE.  i  sec.  10,  and  the  NW.  J  sec.  11,  T.  8  N.,  R.  32  W.,  arc 
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covered  with  a  yellowish  buckshot  clay,  or  prairie  soil,  containing 
considerable  quantities  of  iron  nodules  about  the  size  of  a  pea.  The 
section  in  the  banks  of  a  small  stream  running  through  sec.  3  shows 
a  thickness  of  about  3  feet  of  this  clay. 

In  sec.  4  of  the  same  township  and  range  a  similar  yellow  loam 
overlies  a  deposit  of  dark-red  clay.  In  the  W.  J  NW.  J  sec.  35, 
T.  9  N.,  R.  32  W.,  a  band  of  chocolate  clay  about  4  feet  thick  lies 
between  the  two  yellow  divisions  of  the  exposed  clays.  The  choco- 
late clay  forms  the  surface  for  some  distance  and  then  passes  under 
a  heavy  bed  of  yellow  clay. 

The  surface  soil  of  Massard  Prairie  is  a  yellow  clay  or  prairie  soil, 
having  a  general  thickness  of  ab6ut  4  feet.  This  clay  rests  on  the 
dark-blue  or  black  shale  which  is  seen  at  the  base  of  the  di£ferent 
sections  exposed  in  the  bluffs  on  the  north  and  south  sides  of  the 
prairie.  A  section  from  the  bank  of  a  small  creek  in  the  SW.  J 
SE.  }  sec.  1,  T.  7  N.,  R.  32  W.,  may  be  taken  as  a  representative 
section  of  this  prairie. 

Section  in  SW.  J  SE.  J  sec.  1,  T.  7  N.,  R.  St  W. 

Thin  covering  of  humus  at  surface.  Y^t, 

Yellow  (almost  orange-colored)  clay  containing  nodules  of  iron  in  its 

lower  division 4 

IMack  or  dark-blue  shales,  broken  into  kidney-shaped  pieces  at  base. 

Where  the  soil  has  been  washed  off  the  surface  the  ground  is  covered 
with  the  nodules  of  iron  in  the  shape  of  gravel. 

In  the  NE.  }  SE.  J  sec.  19,  T.  8  N.,  R.  31  W.,  the  surface  soil  is  red 
clay,  and  in  the  S.  J  sec.  29,  on  the  south  side  of  Massard  Creek,  a 
yellow  clay  overlies  the  coal  in  some  of  the  openings. 

In  the  NW.  J  SW.  }  sec.  29,  T.  8  N.,  R.  31  W.,  near  Massard  post^ 
office,  a  dark-red  clay  covers  the  small  hill  lying  to  the  southeast  of 
the  prairie. 

Nothing  has  ever  been  done  to  demonstrate  the  usefulness  of  these 
clays  for  any  purpose.  There  is  little  doubt,  however,  that  many  of 
them  might  be  profitably  used  for  the  manufacture  of  ordinary  build*- 
ing  bricks,  and  for  this  purpose  the  clays  found  on  Massard  Prairie 
and  on  the  prairie-like  district  of  sees.  2,  3,  4,  and  10,  T.  8  N.,  R.  32 
W.,  will  probably  be  much  better  adapted  for  making  a  hard,  solid 
brick  than  the  red  earth  found  close  to  Fort  Smith  and  used  at  pres* 
ent.  It  may  be  safely  said  that  these  clays  will,  with  proper  treat- 
ment, make  as  good  and  as  strong  a  brick  as  can  be  found  anywhere 
else  throughout  the  valley  of  Arkansas  River. 

TERRACE   CLAYS. 

Over  the  lowlands  near  Arkansas  River,  in  some  places  extending 
back  inland  for  several  miles,  generally  in  the  form  of  terraces,  there 
is  a  system  of  unconsolidated  deposits  which  are  probably  of  Pleisto- 
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cene  age.  The  material  forming  these  terraces  arc  yellowish,  red- 
dish, and  lead-colored  loams,  clays,  sands,  and  gravels.  They  lie  in 
horizontal  beds,  but  have  been  cut  and  more  or  les»  mutilated  by 
erosion  over  the  whole  surface  and  by  streams  that  cross  them  to 
enter  Arkansas  River.  These  Pleistocene  deposits  cover  most  of  the 
plain  on  which  the  city  of  Fort  Smith  stands,  and  the  peninsula 
extending  northeastward  toward  Van  Buren,  where  fragments  of 
them  occur  here  and  there  along  the  river  east  of  Fort  Smith.  The 
clays  of  this  series  are  exposed  in  what  may  be  regarded  as  a  typical 
section  along  the  railway  near  the  Ketcham  iron  works  and  at  other 
points  south  of  the  city.  The  uppermost  bed  is  a  yellowish  clay,  in 
some  places  more  or  less  mottled  and  in  others  containing  small,  fria- 
able  nodules  of  iron.  Although  its  characteristic  color  is  yellow, 
this  bed  is  in  some  places  ashen  gray  and  in  others  bright  red. 

In  the  typical  section  just  mentioned  the  next  bed  below  the  yel- 
low clay  loam  is  a  dark-red  clay  which  contains  a  good  deal  of  sand 
and  which  is  about  10  feet  thick.  Below  it  is  a  bed  about  1  foot 
thick  of  deep-red  to  chocolate-colored  clay,  and  below  lies  a  bed  of 
fine  sand.  The  bottom  of  the  sand  is  not  exposed.  The  thickness 
and  quality  of  these  beds  varies  greatly;  the  yellow  loam  is  entirely 
wanting  in  many  places,  having  been  removed  by  erosion,  while  the 
red  clay  may  contain  occasional  beds  of  sand. 

It  can  not  be  positively  stated  that  pottery  clays  do  or  do  not 
exist  in  these  Pleistocene  river  terraces,  but  the  nature  of  the  beds 
seen  is  favorable  to  the  occurrence  in  them  of  pockets  of  pottery 
clays.  In  these  terraces  or  second  bottoms  extensive  deposits  of 
brick  earth  are  found,  both  in  Sebastian  and  in  adjoining  counties. 

RECENT   ALLUVIUM. 

The  Pleistocene  terraces  referred  to  above  are  distinct  from  the 
river-bottom  silts.  The  latter  stand  at  a  lower  level  and  are  usually 
less  brilliantly  colored.  No  pottery  clays  are  now  known  in  the  bot- 
tom, but  it  is  possible  that  they  may  occur  there.  As  a  rule  the  allu- 
vial deposits  are  silts  and  sands  rather  than  clays,  and  such  pottery 
days  as  they  contain  will  probably  be  found  only  in  pockets. 

CLAY  4NDUSTRY. 
UTILIZATION   OF   THE   CLAY   SHALES.^ 

Although  the  clay  shales  of  Fort  Smith  and  of  Sebastian  County 
are  suitable  for  the  manufacture  of  sewer  pipe,  fire  bricks,  and  pot- 
tery, nothing  has  been  done  thus  far  to  utilize  these  shales  for  making 
such  articles.  The  abundance  of  excellent  raw  materials,  the  prox- 
imity of  the  deposits  to  the  coal  fields,  and  the  possibility  of  building 

sTIie  notes  on  tho  brick  Industrie  of  Fort  Smith  aro  chiefly  by  William  Kennedy. 


214  THE   CLAYS   OF  ARKANSAS. 

up  a  larger  trade  in  clay  products  in  the  South  and  Southwest  ought 
to  lead  to  the  early  development  of  such  industries  at  some  point  in 
Sebastian  County. 

Chemical  analyses  of  the  argillaceous  shales  show  them  to  be  clays 
so  far  as  their  chemical  composition  is  concerned.  They  have  been 
changed,  however,  by  pressure  and  time  in  physical  appearance  and 
character.  The  chemical  composition  of  these  clay  shales  of  Sebas- 
tian and  adjoining  counties  suggests  the  possibility  of  using  them, 
when  ground  and  washed,  for  the  manufacture  of  the  common  grades 
of  potter}'.  The  clay  shales  have  the  average  composition  shown  in 
the  table  below.  For  the  purpose  of  comparing  this  wath  the  pottery 
clays  of  the  Tertiary'  region  of  the  State  (Benton,  Perla  switch,  etc.) 
the  average  composition  of  the  latter  is  given  in  an  adjoining  column. 

Analyseit  of  clay  nhales  and  of  Tertiary  pottery  clays. 

riav      '  Tertiary 


Silica  (SiOi) 

Alumina  (AljOs) 

Iron  (fornc)  oxido  (PVjOs) 

Lime  (CaO) 

Magnesia  (MgO) 

Potash  (K^O) 

So(ia  (NasO) 

WattT  (UiO) 


1 
58.91  ' 

68.20 

22.21  1 

21.79 

7.64   ; 

1.77 

.53  1 

.20 

1.37    . 

2.15 

1.12 

.93  ; 

1.16 

6.64 

6.44 

The  clay  shales  contain  a  somewhat  higher  percentage  of  the  bases 
(iron,  lime,  magnesia,  potash,  and  soda),  elements  which  increase  the 
fusibility  of  the  material,  and  a  lower  percentage  of  silica.  The 
higher  percentage  of  iron  in  the  clay  shales  would  give  the  pottery 
made  from  it  a  dark  color  like  that  of  sewer  pipe,  but  this  objection 
would  not  apply  seriously  to  jugs  and  many  other  articles.  The 
upper  weathered  portions  of  the  beds  can  be  ground  more  readily, 
while  the  already  decomposed  and  plastic  clays  that  usually  cover 
the  exposed  surfaces  of  these  shale  beds  may  advantageously  be 
mixed  with  the  crude  material. 

• 

BKICK    PLANTS. 

Paving  bricks, — It  is  only  since  1889  that  the  manufacture  of  pav- 
ing brick  has  been  carried  on  at  Fort  Smith.  Mr.  W.  A.  Doyle  had 
the  first  contract  for  the  paving  of  Garrison  avenue,  and  3,000,000 
bricks  were  required  for  this  purpose.  The  bricks  were  made  from 
the  disintegrated  shales  found  on  Towson  road  between  Towson  and 
Wheeler  avenues.  The  shales  were  ground  before  pugging.  For  this 
puq)ose  a  Penfield  crusher  was  used.  The  clay  was  then  pugged  in  a 
No.  10  D  pug  mill,  and  the  bricks  were  made  in  a  No.  20  B  Penfield 
machine  having  a  daily  capacity  of  50,000  bricks.  The  machinery 
was  driven  by  steam  power.     The  bricks  were  end  cut  and  dried  in  a 
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steam  heated  drying  shed  and  burned  in  the  ordinar^^  open  kiln.  The 
fuel  used  was  a  mixture  of  coal  and  wood. 

In  drying  these  bricks  part  with  their  water  verj'  slowly,  and  it 
usually  requires  about  six  days  to  dr^-  them  sufficiently  to  be  put  in 
the  kiln.  The  time  allowed  for  burning  is  from  ten  to  twelve  da^'s. 
When  burned  hard  the  outside  bricks  are  dark  brown  and  the  inside 
bricks  dark  blue.  In  the  kiln  used  at  Fort  Smith  the  outside  bricks 
were  bright  red. 

Clays  formed  by  the  disintegration  of  these  shales  shrink  consid- 
erably in  drying  and  burning.  The  bricks  made  at  Fort  Smith 
shrink  about  1)  inches  in  the  length  of  the  brick  (9 J  inches),  and  the 
average  settling  of  a  kiln  36  bricks  high  is  about  2  feet. 

In  setting  the  kiln  it  is  necessary  to  set  the  rows  close  to  one  another 
in  order  to  provide  for  the  widening  of  the  spaces  between  the  rows 
of  bricks  due  to  the  shrinkage. 

There  are  at  present  three  brick  plants  in  Sebastian  County.  Two 
of  these  are  in  Fort  Smith  and  the  other  at  Mansfield. 

The  Choctaw  Brick  and  Gas  Company. — A  plant  was  established  in 
1901  at  Mansfield,  in  the  southeastern  part  of  the  county,  by  the 
Choctaw  Brick  and  Gas  Company.  Common  building  bricks  are 
made  from  Carboniferous  shale.  The  shale  is  pugged  and  molded  in 
the  Berg  machine.  The  bricks  are  dried  in  sheds  and  nine  to  ten 
days  are  required  to  dry  them  sufficiently  to  place  in  the  kiln.  They 
are  burned  in  up-draft  and  down-draft  kilns,  which  hold  from  50,000 
to  250,000  bricks  each.  Five  kilns  are  in  use.  The  kilns  are  arranged 
to  use  coal  and  natural  gas  for  burning,  and  about  one-half  ton  of 
coal  is  consumed  for  each  1,000  bricks.  The  length  of  time  for  burn- 
ing a  kiln  is  about  fifteen  days.  The  shrinkage  of  the  clay  is  about 
one-sixteenth.     The  output  of  the  plant  is  20,000  a  day. 

Plants  at  Fort  Smith, — The  two  plants  located  at  Fort  Smith  are 
the  Fort  Smith  Paving  Brick  and  Fire  Clay  Company,  Louis  Ismay 
&  Brother,  lessees,  and  a  plant  operated  by  John  D.  Carbaugh. 
Detailed  information  concerning  these  plants  was  not  obtained. 

The  material  used  in  the  manufacture  of  the  ordinary  rod  building 
brick  at  Fort  Smith  occupies  a  district  west  of  the  city  that  includes 
the  greater  portions  of  sees.  9  and  16,  the  whole  of  fractional  sees. 
8  and  17,  and  the  northwestern  portion  of  sec.  20,  as  well  as  the 
SW.  I  sec.  4,  all  in  T.  8  N.,  R.  32  W.  The  S\V.  }  SE.  i  sec.  34, 
T.  9  N.,  R.  32  W.,  also  contains  a  red  earthy  clay  from  which  bricks 
have  been  manufactured. 

This  brick  earth  is  a  stiff  clay  which  is  in  places  mixed  with  so 
much  sand  that  the  beds  have  the  appearance  of  homogeneous 
deposits  of  sandy  clay.  It  is,  however,  ver\^  irregular  in  its  texture, 
varying  within  short  distances  from  stiff  clay  to  loose  sand.  Both 
sand  and  clay  are  of  a  red  color,  dark  red  when  wet  and  pale  yel- 
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Ibwish  brown  when  dry  and  exposed  for  any  great  length  of  time. 
At  Messrs.  Bocquin  &  Reutzers  old  location  on  the  strip  of  land 
lying  between  Towson  road  and  Wheeler  avenue,  Fort  Smith,  on 
the  west  side  of  the  SE.  }  sec.  17,  T.  8  N.,  R.  32  W.,  the  clay  has 
a  pale-yellowish,  almost  gray,  color. 

The  average  thickness  of  this  mixed  clay  and  sand  varies  con- 
siderably, but  averages  about  6  feet.  A  section  taken  close  to  the 
line  between  Oklahoma  and  Arkansas,  near  the  bank  of  Poteau 
River,  gives  the  following  section: 

Section  near  Poteau  Rmr. 

Feet. 

Reddiah-gray  sand 2 

Red  clay a-6 

Rod  sand G-S 

The  bottom  of  the  red  sand  is  not  reached  in  this  exposure. 

In  the  district  between  Arkansas  River  and  Poteau  River,  along 
Fourth  street  in  Fort  Smith,  the  red  sand  and  clay  have  been  pene- 
trated to  a  depth  of  12  feet.  The  sand  and  clay  seem  to  be  overlain 
by  a  course  white  river  sand.  In  this  district  the  clay  also  becomes 
much  more  sandv. 

Bricks  made  from  the  brownish-yellow  sandy  material  are  soft 
and  will  not'  bear  much  rough  handling.  They  are  readily  injured 
by  rain  and  ought  to  be  dried  under  cover.  In  the  kiln  they  will 
not  stand  a  heat  sufficiently  high  to  make  hard  bricks  without 
fusing.  It  is  no  uncommon  thing  for  Ihe  arches  to  fall  in,  and 
when  the  kiln  is  opened  the  bricks  forming  the  broken  arches  are 
found  to  be  a  fused  mass  of  half-burned  clay  and  dark-greenish 
slag.  The  result  of  this  tendency  to  fuse  is  that  the  bricks  must 
be  burned  soft  and  will  not  bear  rough  handling  or  resist  the  crush- 
ing strain  imposed  on  bricks  used  in  the  erection  of  heavy  struc- 
tures. The  loss  through  breakage  in  handling  is  also  considerable, 
amounting  in  most  yards  to  15  or  20  per  cent.  When  burned  these 
bricks  have  a  bright-red .  color,  and  when  re-pressed  for  front  or 
face  bricks  they  are  darker  and  have  smooth  faces  and  square  cor- 
ners.    The  color  of  bricks  of  this  class  is  uniform  and  good. 
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The  following  analyses  of  this  clay  dried  at  110°-115°  C.  show  its 
composition: 

Analyses  of  clay  from  Fort  Smith. 
[Brackett  &  Smith,  analysts.] 


SUk»(SiOt) 

Alumina  ( AliOs) 

Ferric  oxide  (FeiOa) 

Lime  (CaO) 

Magnesia  (MrO) 

Potash  (K«0) 

Soda(NasO) 

Loss  on  ignition  (water) 

Fine  sand 

Water  lost  at  IIO'^-IIS''  C ^. 


1. 

i 

2. 

3. 

4. 

5. 

1 

83.83 

84.00 

74.79 

76.26 

76.20 

0.32 

8.33 

12.86 

11.74 

12.41 

!          2.64 

2.73 

4.90 

4.54 

4.36 

.34 

.27 

.38 

.39 

.49 

.45 

.35 

.90 

.79 

.54 

1.27 

.83 

1.73 

1.28 

1.21 

.85 

.82 

1.49 

.98 

.84 

2.40 

1 

2.81 

2.91 

3.82 

3-75 

101.10 

100.14 

99.96 

99.80 

99.80 

38.23 

37.57 

29.77 

47.79 

11.89 

2.21 

2.45 

2.76 

3.71 

4.06 

No.  1  is  the  Ughter  colored  clay  from  the  bank  opposite  Ketchum 
Iron  Company's  shop;  No.  2  is  the  yellow  clay  overlying  Nj.  3  at 
the  Ketchum  Iron  Company's  shop;  No.  3  is  the  lower  reddish  clay 
at  Ketchum  Iron  Company's  shop  (underlying  No.  2) ;  No.  4  is  the 
red  sandy  clay  from  Messrs.  Pendell  &  Morrison's  old  brickyard; 
No.  5  is  an  ashen-^ray  clay  from  the  south  end  of  the  Fort  Smith 
and  Dardanelle  Railway. 

POTTERIES. 

Comby^s  pottery.^ — This  pottery  was  situated  in  the  SE.  J  SW.  J 
sec.  28,  T.  7  N.,  R.  30  W.  The  kiln  was  a  small  one,  built  of  stone 
cemented  with  clay,  and  was  half  underground — the  kind  of  kiln 
sometimes  called  *' groundhog."  It  was  not  adapted  to  salt  glazing, 
and  the  Albany  slip  or  black  glaze  was  used.  Sometimes  a  little 
salt  was  thrown  into  the  kiln,  but  it  affected  only  the  ware  at.  the 
front  of  the  kiln  next  the  fire,  and  that  not  always  beneficially. 
There  was  nothing  to  protect  the  ware  from  the  ashes  of  the  fire, 
and  every  time  a  fresh  supply  of  fuel  was  added  or  the  fire  touched 
the  lighter  ashes  were  sent  in  a  shower  among  the  hot  ware,  to  settle 
down  on  the  articles  in  the  process  of  burning  to  become  fixed  to 
them  by  the  glaze.  The  result  of  tliis  is  that  the  ware,  especially 
that  portion  of  it  next  the  fire,  presents  anything  but  a  pleasing 
appearance.  With  such  a  method  of  firing,  a  good  class  of  pottery 
could  not  be  made  even  with  the  best  of  pottery  clays.  The  poor 
results  obtained  at  this  pottery  must  be  attributed  for  the  most 
part  to  the  methods  employed  in  burning  the  ware,  though  it  is  in 
part  evidently  due  to  poor  raw  material  or  to  the  improper  treat- 
ment of  the  clay. 


a  The  notes  and  statistics  of  Comby's  pottery  were  collected  by  Mr.  Kennedy.    The  plant  has  gone 
oot  of  biitiiieM. 
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CaldweWs  pottery, — A  small  deposit  of  bluish-white  sandy  clay 
mottled  with  red  is  found  on  the  north  side  of  a  small  creek  in  the 
SE.  J  SE.  }  sec.  10,  T.  6  N.,  R.  31  W.-  This  was  at  one  time  used 
to  supply  a  pottery  at  Greenwood  owned  by  Mr.  Caldwell,  but  clay 
from  this  place  has  not  been  used  for  a  number  of  years. 

UNION  COUNTY. 

GENERAL  GEOLOGY. 

The  strata  underlying  Union  County  consist  almost  exclusively  of 
soft  uncompacted  clays,  sand,  brown  coals  (or  lignites),  and  gravels 
of  Tertiary  age.  The  horizontaUty  of  these  beds  makes  the  geology 
comparatively  simple.  The  clays  are  of  various  colors,  exhibiting 
all  the  shades  of  brown,  yellow,  red,  and  gray.  The  highest  beds 
of  the  county  are  those  that  cap  the  divide  on  which  Eldorado 
stands.  These  beds  are  sandy  clays  and  clayey  sands,  covered  here 
and  there  by  gravels  of  novacuhte  and  quartz.  From  this  elevated 
divide  the  surface  of  the  county  slopes  away  on  all  sides,  the  streams 
cutting  deeper  and  deeper  into  the  soft  horizontal  rocks.  Along 
their  banks,  where  bold  headlands  are  left  in  the  process  of  stream 
erosion,  the  stratification  of  the  Tertiary  beds  is  occasionally  well 
exhibited.  The  best  exposures,  however,  are  in  the  river  bluffs 
along  the  Ouachita  at  places  where  the  river  hugs  the  foot  of  the 
bluflF  closely,  as  at  Camden,  Newport  Landing,  Millers  Bluff,  Wil- 
mington Landing,  and  New  London.  At  Wilmington  Landing  the 
section  exposed  is  typical  of  the  geology  of  the  entire  highland 
region  of  the  county. 

The  beds  there  exposed  continue  with  some  variation  toward  the 
west  and  underUe  a  large  part  of  Union  County,  and  in  all  proba- 
biUty  underlie  Columbia  County  also.  In  the  deeper  channels  of 
the  larger  streams  the  beds  of  soft  rocks  are  penetrated  to  greater 
deptlis  and  the  entire  section  given  on  page  220  is  exposed  here  and 
there,  though  generally  only  in  fragments. 

Where  erosion  has  not  been  so  powerful  and  so  concentrated  as 
in  the  immediate  neighborhood  of  Ouachita  River  the  stream  chan- 
nels are  broader  and  their  sides  less  abrupt,  so  that  the  clays  and 
other  beds  have  thinner  coverings  along  the  side  valleys  that  extend 
inland  from  the  river. 

The  lignites  of  Union  County  are  of  the  same  kind  as  those  of 
Ouachita  Coimty.  Aside  from  any  direct  use  to  which  the  coal 
may  be  applied,  it  serves  as  a  guide  in  searching  for  clays,  for  the 
clays  are  at  many  places  associated  with  the  lignite,  either  over- 
lying or  underlying  it.  Persons  acquainted  with  the  geology  of 
this  county  report  that  at  many  places  a  bed  of  clay  15  feet  thick 
overUes  the  lignite.     The  clay  beds  at  Wilmington  Landing  and  at 
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New  London  Landing,  on  Ouachita  River,  overlie  the  lignite  ex- 
posed in  the  river  bluff  at  those  places.  This  clay,  however,  is  not 
everywhere  valuable. 

CLAY  DEPOSITS. 

In  the  neighborhood  of  Beach  Creek,  where  it  is  crossed  by  the 
Mount  Holly-Lisbon  road,  many  small  fragments  of  fine  potter's 
clay  are  scattered  through  the  sandy  clays.  These  fragments  are  of 
no  value  in  themselves,  but  their  presence  suggests  the  probability 
that  they  were  derived  from  deposits  of  fine  potter's  clays  in  this 
neighborhood.  Similar  evidence  of  the  presence  of  good  clays  are 
common  at  many  points  in  both  Union  and  Columbia  counties. 
About  Lisbon  such  clays  are  exposed  in  deep  gullies,  especially  on 
the  west  side  of  the  town,  near  Camp  Creek,  and  also  on  Holmes 
Creek. 

About  2  miles  west  of  Lisbon,  on  the  Lisbon-Mount  Holly  road, 
just  west  of  the  Rose  farm,  on  the  brow  of  a  westward-sloping  hill, 
3  or  4  feet  of  dove-colored  potter's  clay  is  exposed  by  the  roadside. 
The  total  depth  of  the  bed,  however,  is  not  visible.  In  places  this 
bed  contains  very  thin  laminae  of  fine  sand,  which  may  prove  injurious. 

East  of  Lisbon  the  clays  and  sands  are  thinly  laminated  and  inter- 
stratified,  so  that  they  are  not  available  for  the  manufacture  of  pot- 
tery or  fire-clay  products. 

Four  miles  west  of  Eldorado,  on  the  road  to  Lisbon,  there  are  some 
rather  promising  looking  exposures,  but  so  far  as  examined  they 
contain  too  many  streaks  of  sand  to  be  useful.  Further  search  in 
the  vicinity  is  likely  to  discover  good  beds. 

One  and  one-fifth  miles  west  of  Eldorado,  on  the  Lisbon  road,  on 
the  side  of  a  hill  facing  westward,  the  following  section  is  exposed: 

Section  near  Eldorado. 

Yellow  soil  and  clay  at  Hurface.  Ft.     in. 

Good  pink  clay  with  fossil  leaver 1 

Gray,  rather  pandy  potter's  clay 4 

Pink  flandy  clay 8 

Dull  pink  sandn  exposed 2 

The  clays  exposed  by  the  Eldorado-Lisbon  road,  about  400  feet 
west  of  the  first  milepost  west  of  Eldorado,  are  all  or  nearly  all  too 
sandy  to  be  available  for  the  manufacture  of  pottery. 

Three  miles  east  of  Eldorado  the  road  to  Wilmington  Landing 
passes  over  a  bed  of  pink  potter's  clay  containing  abundant  leaf 
impressions.  On  the  south  side  of  the  road  the  bed  is  about  4  feet 
thick,  but  it  is  not  exposed  on  the  north  side  of  the  road. 

About  IJ  miles  southwest  of  Wilmington  Landing,  on  the  edge  of 
the  flat  woods,  some  fair  pottery  clays  are  exposed  by  the  roadside, 
but  their  thickness  is  not  evident. 
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There  are  said  to  be  some  very  fine  clays  on  Lapile  Creek  in  T. 
18  S.,  R.  13  W.,  probably  in  sec.  9  or  10. 

At  Wilmington  Landing  the  Tertiary  beds  are  well  exposed  in  the 
river  bluff  and  in  the  gullies  that  furrow  its  sides. 


«r. 


Section  of  river  bluff  at  WilmtTUfton  Landing. 

F«et. 

1.  Sand  on  hilltop A^  2 

2.  Sandy  clay v*^  5 

3.  Light-gray  clay -.*  2 

4.  Pinkish  clay .,  3 

5.  White  sand  with  some  clay 9 

6.  Fat  buff  clay  with  some  sandy  patches  and  li;^nit(^ 16 

7.  Tough,  somewhat  sandy,  light-colored  clay 7 

8.  Fat  gray  clay 6. 

9.  Wliite  sand 3 

10.  Outcrop  of  brown  coal 3 

11.  Fat  dove-colored  clay 3 

12.  Sands  with  clay  lamina? 5 

13.  Pink  sandy  clays  with  fossil  leaves 6 

14.  Sandy  clays  and  sands 10 

15.  Concealed  to  the  level  of  Ouachita  River 10 

90 

The  hills  one-eighth  of  a  mile  south  of  Wilmington  Landing  con- 
tinue upward  the  section  given  above.  It  is  approximately  as 
follows : 

Section  south  of  Wilmington  Landing. 

Clays  and  clayey  sands  at  the  surface.  Feet. 

Lead-colored  and  pink  pottery  clays • 12 

Sands 6 

Chocolate-colored  sandy  pottery  clays 4 

Lignite 3 

The  horizontality  of  the  Tertiary  beds  of  the  region  and  the  out- 
crops of  lignite  along  the  bluffs  and  foothills  of  the  region  point  to  a 
wide  distribution  in  L^niou  County  of  the  clay  beds  exposed  in  the 
section  given  above. 

A  specimen  of  the  clay  bed  No.  6  of  the  Wilmington  Landing  sec- 
tion was  analvzed. 

Analysu  of  huff  clay  from  Wihtiington  Landing. 
[SiXK'imen  drlcnl  at  1.35®  C.    W.  A.  Noycw,  analyst.] 

Silica  (SiOa) 64. 97 

Titanic  oxide  (TiO.;) 40 

Alumina  (AlA) 18.87 

Iron  oxide  (FejOg) 5. 26 

Lime(CaO) 63 

Magnesia  (MgO^ 1. 00 

Potiu^h  ( K2O) 1. 43 

Soda(Na20) 30 

Water  (HjO) 7.43 

100.29 
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The  large  percentage  of  iron  in  this  sample  is  probably  due  to 
infiltrations,  the  specimen  having  come  from  near  the  surface.  Clay 
under  cover  will  probably  be  found  freer  from  this  impurity  and 
available  for  pottery  ware  and  for  other  purposes  for  which  basic 
clays  may  be  used. 

CLAY  INDUSTRY. 

But  one  plant  in  Union  County  is  engaged  in  the  manufacture  of 
clay  products — the  Felsenthal  Brick  Company,  at  Felsenthal.  The 
plant  was  established  in  1904  for  the  manufacture  of  stiff-mud  build- 
ing bricks.  They  are  made  from  the  common  surface  red  clay.  The 
clay  is  tempered  and  molded  in  a  Sword  machine  run  by  steam. 
The  bricks  are  dried  in  a  shed  and  burned  in  an  up-draft  kiln.  Four 
kilns  are  in  use,  each  having  a  capacity  of  200,000  bricks.  It  requires 
six  to  ten  days  tor  the  bricks  to  dry  sufficiently  to  set  in  the  kiln, 
and  from  six  to  eight  days  for  burning.  Wood  is  used  as  fuel.  The 
plant  has  an  output  of  30,000  bricks  a  day. 

The  potter's  clays  of  Union  County  are  not  utilized.  There  was 
at  one  time  a  pottery  on  what  was  formerly  known  as  the  *' poor- 
house  farm,'*  sec.  34,  T.  17  S.,  R.  15  W.,  a  little  more  than  a  mile 
southeast  of  Eldorado.  It  was  operated  by  Mr.  Leonard  as  late  as 
1860,  and  was  probably  closed  by  the  civil  war.  The  pottery  made 
is  said  to  have  been  of  ordinary  grade.  The  clays  used  are  reported 
to  have  come  from  the  ** slashes"  and  not  from  a  bed  in  place  in  the 
hills. 

There  was  another  pottery  in  Union  County  before  the  civil  war, 
about  4  miles  below  Wilmington  Landing.  The  ware  burned  light 
gray  and  was  of  good  texture.  The  clay  came  from  the  stratified 
beds  in  a  bank.     This  pottery  is  no  longer  in  existence. 

There  is  no  lack  of  clays  in  Union  County  for  the  manufacture  of 
good  pottery  and  of  fire-clay  goods.  It  is  possible  that  valuable  clays 
may  cover  as  much  as  half  of  the  total  area  of  the  county.  Though 
analyses  have  not  been  made  of  all  the  varieties  of  clay  found  in 
Union  County  it  may  safely  be  assumed  that  the  clays  are  similar  to 
those  of  Ouachita  County,  many  of  which  have  been  analyzed.  Until 
recently  there  was  a  lack  of  prompt  transportation,  for  there  was  no 
railroad  jn  the  county,  but  the  railroad  from  Camden  to  Eldorado 
and  other  railroads  lately  completed  now  afford  cheap  transportation 
for  any  clay  goods  that  may  be  manufactured  from  the  fine  clays 
along  Ouachita  River. 
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WHITE  COUNTY. 

GENERAL  GEOLOGY. 
PRINCIPAL  FEATURES. 

The  part  of  White  County  lying  west  of  the  St.  Louis,  Iron  Moun- 
tain and  Southern  Railway  is  made  up  chiefly  of  sandstones,  grits, 
and  shales  belonging  to  the  lower  Carboniferous  or  Mississippian 
series.  In  the  extreme  northwest  comer  of  the  county,  about  Rose- 
bud and  Romance,  these  beds  are  very  neariy  horizontal,  and  the 
streams  have  cut  through  the  steep-sided  and  rather  narrow  vallej's. 
Here  the  harder  beds  of  sandstone  form  broad,  flat  areas  with  rather 
abrupt  edges.  In  the  southwestern  part  of  the  county  and  in  the 
region  between  Searcy  and  GriflBn  Springs  the  same  series  of  beds 
has  been  greatly  folded,  so  that  the  beds  dip  toward  the  south  on  one 
sid(»  of  the  folds  and  toward  the  north  on  the  other.  In  the  folded 
area  the  alteration  of  hard  beds  of  sandstone  with  soft  beds  of  shale 
has  given  rise  to  alternate  valleys  and  ridges,  for  the  resisting  sand- 
stones withstand  weathering  and  form  the  ridges,  while  the  beds  of 
shale  break  down  into  soft,  easily  washed  clays,  which  are  carried 
away,  forming  the  valleys.  The  relations  of  these  interfolded  shales 
and  saitdstones  are  of  great  importance  to  anyone  stud^^ng  the  dis- 
tribution of  the  clays  and  clay  shales,  for  it  often  ^^lakes  it  possible 
to  trace  the  same  bed  for  many  miles  across  the  county. 

In  the  region  just  north  of  the  town  of  El  Paso  the  parallelism  of 
the  sandstone  ridges  and  shale  valleys  is  a  striking  feature  of  the 
topography.  These  ridges  and  valleys  begin  a  few  miles  west  of  Buble 
and  some  of  them  s>\ing  northward  around  Antioch  Mountain  and 
then  pass  nearly  due  west  to  the  vicinity  of  Caldron  Creek,  just  north 
of  Conway,  in  Faulkner  County.  Similar  ridges  beginning  just  north 
of  the  town  of  Austin  can  be  traced  nearly  to  Palarm  Bayou,  south  of 
Preston,  in  Faulkner  County.  The  valleys  parallel  >\4th  these  sand- 
stone ridges  are  all  cut  in  shales,  and  it  is  to  these  shales  that  attention 
is  directed.  Some  of  these  shales  are  too  sandy  to  be  utilized,  but 
others  are  well  adapted  to  the  manufacture  of  paving  brick  and  sewer 
pipe,  and  some  of  them  are  good  fire  clays. 

The  geology  of  Round  Mountain,  in  the  extreme  southwest  comer 
of  White  County,  has  been  examined  for  the  purpose  of  determining 
the  character  of  these  shales.  The  geology  of  that  particular  hill 
is  therefore  given  here  in  detail. 

ROUND   MOUNTAIN. 

A  great  syncline  or  troughlike  valley  known  as  Cypress  Valley 
extends  from  the  vicinity  of  Beebe  to  Arkansas  River  west  of  Conway. 
In  the  middle  of  this  synclinal,  in  White  County,  in  sees.  5,  6,  7,  and 
8,  T,  5  N.,  R.  10  W.,  stands  an  isolated  table-topped  hill  known  as 
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Round  Mountain.  This  hill  rises  about  200  feet  above  the  surround- 
ing valley,  and  has  in  general  outline,  as  seen  on  a  map,  the  form  of  a 
dumb-bell. 

The  sections  given  in  fig.  19,  taken,  at  the  opposite  ends  of  the 
mountain,  and  the  north-south  profile  section  in  fig.  20  show  that 
while  Round  Mountain  contains  some  coal  and  is  capped  by  sand- 
stone it  is  made  up  for  the  most  part  of  argillaceous  shales. 
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Fig.  19.— Sections  of  beds  at  Round  Mountain. 

The  coal  bed  in  section  2,  fig.  19,  was  reported  to  have  a  thickness 
of  42  inches  until  1892,  when  Mr.  Charles  Kantorowicz,  of  Little  Rock, 
the  owner  of  the  Round  Mountain  property,  engaged  Capt.  R.  N. 
Scruggs  to  open  the  drift  and  definitely  determine  its  thickness.  The 
thickness  here  reported  is  that  given  by  Captain  Scruggs. 

Where  the  shales  near  the  base  of  the  mountain  have  been  covered 
by  the  debris  from  its  sides  they  are  already  deeply  disintegrated. 
The  great  body  of  the  hill,  however,  is  of  compact  shale,  weathering 
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Pio.  20.— Theoretic  north-south  section  through  Round  Mountain,    sh.  Shalo;  xx  sandstone. 

in  the  usual  way  on  exposure  and  breaking  up  in  small  prisms  and 
cuboidal  fragments.  Much  of  this  shale,  possibly  all  of  it,  is  avail- 
able for  the  manufacture  of  fire  bricks,  sewer  pipes,  furnace  linings, 
etc.,  and  for  road-paving  bricks.  The  following  are  analyses  of  two 
samples  of  shales  from  Round  Mountain  and  of  two  other  similar 
shales  from  Missouri  and  Ohio,  the  analyses  of  the  latter  being  intro- 
duced here  for  comparison : 
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Analyses  of  shales  from  Round  Mountain,  Ark.,  Cheltenham,  Mo.,  and  Akron,  Ohio. 


I 


Round  Mountain.    Missouri.'    Ohio. 


1. 


Silica  (SiOj) 64.04 

Alumina  ( AljOa) I  21.55 

Ferric  oxide  (FojOi) • 5.01 

Lime  (CaO) .59 

Magnesia  (MeO) ,  .% 

Potash  (KtO) I  1.56 

S«xia  (NaiO) .80 

Loss  on  ignition 5.04 

Sulpliur  (S) !  .14 

1(KI.50 

Water  loss  at  1 10°-1  IS**  ( ' I  1 .  36 


'        2. 

3, 

57.12 

56.86 

24.32 

28.07 

8.21 

5.03 

.72 

.27 

1.74 

.32 

2.07 

.11 

.53 

.96 

7.58 

10.88 

.22 

102.51 

102.50 

1.75 

3.84 

60.05 

20.00 

6.82 

.52 

.45 

1.79 

1.60 

6.96 

1.96 


100.14 
1.35 


1.  From  the  belt  of  shale  lying  tiet ween  the  two  coal  l>e<ls  exposed  at  west  end  of  mountain.    J.  P. 
Smith,  analyst. 

2.  From  at>ove  uppermost  l)ed  of  shale  in  the  section.    J.  P.  Smithy  analvst. 

3.  From  shale  banlcs  at  Cheltenham,  Mo.    This  is  the  material  ol  which  toe  Laclede  Company  manu- 
factures its  fire-clay  goods.    Braclfett  &  Smith,  analysts. 

4.  From  Akron,  Ohio:  material  used  in  the  manufacture  of  sewer  pipes,  etc.    Drackett  &  Smith. 
analysts. 

A  comparison  of  these  analyses  shows  that  the  clay  shales  of  Round 
Mountain  are  well  adapted  to  the  manufacture  of  fire  bricks,  sewer 
pipes,  and  such  goods  as  are  made  of  the  similar  clay  shales  at  Chel- 
tenham, Mo.,  and  Akron,  Ohio,  as  well  as  of  paving  bricks  for  road- 
ways. * 

The  coal  in  Round  Mountain  may  perhaps  be  utilized  in  connection 
with  the  shales.  At  the  west  end  of  the  mountain  Mr.  W.  S^  Brewer 
has  opened  a  drift  on  a  bed  of  coal  which  he  reports  to  be  14  inches  in 
thickness. 

Immediately  above  the  coal  lies  20  to  24  inches  of  coal  dirt  or 
crushed  bony  coal.  During  and  since  the  civil  war  Mr.  Charles 
Kantorowicz's  coal  mine  at  the  east  end  of  the  mountain  ^vas  oper- 
ated, but  the  drift  has  been  abandoned  since  the  spring  of  1877,  and 
the  opening  has  been  closed  by  the  caving  in  of  its  sides.  It  was 
therefore  impossible  to  examine  the  thickness  of  the  coal  bed  at  this 
place  at  the  time  it  was  visited.  In  1892  Mr,  Kantorowicz  employed 
Capt.  R.  N.  Scniggs  to  open  the  drift,  and  it  was  found  that  the  coal 
w^as  24  inches  thick  41  feet  from  the  outcrop.  Unfortunately  it  has 
not  been  possible  to  obtain  a  sample  from  the  Kantorowicz  mine, 
but  analysis  was  made  of  a  sample  from  Mr.  Brewer's  pit,  which 
probably  fairly  represents  the  quality  of  coal  of  this  lower  and  more 
important  bed.  The  specimen  was  taken  from  the  8-inch  bed  high 
on  the  side  of  the  mountain,  and  the  coal  is  of  good  quality,  as  may 
be  seen  from  the  follow^ing  analysis: 

Analysis  of  Round  Mountain  coal. 
IR.  N.  Brackett,  analyst-l 

Wat  or 1. 224 

Volatil<^  matter 10. 29S 

Fix<'d  rarlxm 78. 119 

Sulphur 3. 149 

Ash 7 . 2 10 
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Round  Mountain  is  easy  of  access  either  from  Bcebe  or  Conway, 
Cypress  Valley  being  well  disposed  for  the  location  of  a  railway  line. 

Cypress  Valley,  especially  the  country  about  Round  Mountain, 
abounds  in  good  brick  clays,  while  the  region  is  well  timbered. 

There  are  other  shale  hills  in  the  Cypress  Valley  syncline,  the 
largest  of  which  is  about  7  miles  east  of  Conway,  Faulkner  County, 
in  sees.  11  and  14,  T.  5  N.,  R.  12  W.,  in  a  hill  which  is  also  known  jis 
Round  Mountain.  The  body  of  the  hill  is  of  dark  argillac<».ous  shale 
capped  by  sandstone.  The  rocks  are  identical  in  age  and  character 
with  those  of  the  White  County  section,  except  that  thus  far  no  coal 
beds  have  been  found  in  the  Faulkner  County  hill.  This  hill  rises 
between  250  and  300  feet  above  the  valley  and  is  nearly  a  mile  long. 

In  sees.  11  and  14  of  the  same  township  and  range  there  is  another 
shale  hill  that  is  identical  in  structure  and  character  with  the  one  just 
mentioned,  though  somewhat  smaller  and  only  about  half  a  mile  long. 

CLAY  DEPOSITS. 
CLAY  SUALES. 

In  addition  to  the  localities  s))ecified  above  as  containing  large 
and  accessible  clay  shale  deposits,  it  should  be  remembered  that  the 
parallel  valleys  of  White,  Faulkner,  and  Conway  counties  are,  for  the 
most  part^  underlain  by  clay  shales,  many  of  which  are  available  as 
refractory  materials  for  various  uses. 

In  the  highlands  the  brick  clays  are  most  abundant  in  the  shale 
valleys.  The  valley  lying  just  northwest  of  Searcy  and  swinging 
north  and  northeast  in  the  vicinity  of  Center  Hill  and  opening  into 
the  Red  River  Valley  east  of  Mount  Pisgah  may  be  taken  as  typical 
of  those  shale  valleys  of  the  county  in  which  considerable  deposits  of 
brick  clays  have  accumulated.  In  places  these  clays  are  spread  out 
in  thin  beds  for  miles  over  the  valley,  in  others  the  beds  arc  from  10 
to  20  feet  thick,  while  in  still  other  small  areas  they  are  entirely 
absent. 

Along  some  of  the  larger  streams,  such  as  Red  River,  Big  Indian 
Creek,  and  Bayou  des  Arcs,  the  bottom  lands  are  largely  buckshot 
clay  with  alluvial  soil  adjacent  to  the  streams.  In  the  inmiediate 
valley  of  Cypress  Bayou  good  brick  clays  are  abundant,  especially 
about  the  headwaters  of  that  stream  and  in  the  vicinity  of  Round 
Mountain,  in  T.  5  N.,  R.  10  W. 

In  the  region  of  the  lower  hills  the  brick  clays  are  at  many  places 
of  great  thickness.  The  following  is  a  section  of  a  well  bored  near 
Pangbum  post-office,  in  the  northwest  comer  of  the  county,  in  the 
NE.  I  NE.  i  sec.  10,  T.  9  N.,  R.  8  W.  This  record  was  kindly  fur- 
nished by  Dr.  F.  L.  Shaw,  of  Pangbum, 

48130— Bull.  351— U8 15 
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Section  of  well  near  Panghum  post-office. 

Ffset. 

Brick  clay 16 

Hard  nandstoni* -4 

Black  shal(» 70 

Hard  l)liic  sandstoiu* 4 

The  western  part  of  White  County  is  mountainous,  and  on  the 
higliest  elevations  tlie  brick  clays,  although  not  altogether  wanting, 
are  not  so  thick  or  abundant  as  in  the  lower  lands. 

TERTIARY  AND  QUATERNARY  CLAYS. 

From  Cypress  Bayou  to  Bradford  the  St.  Louis,  Iron  Mountain  and 
Southern  Railway  runs  through  White  County  just  east  of  the  line 
of  junction  between  the  Carboniferous  hills  on  the  west  and  the 
Tertiary  and  Quaternary  deposits  of  the  lower  flat  country  to  the 
east. '  This  line  divides  the  county  into  two  sections  which  differ 
widely  from  each  other  in  geologic  age  and  in  character.  The  clays  of 
the  two  areas  also  differ  more  or  less.  Those  of  the  hilly  region  are 
derived  directly  from  shales  by  decomposition.  The  clays  in  the 
lowlands  and  valleys  are  the  products  of  the  erosion  of  the  higher 
points,  while  the  clays  of  the  lowlands  farther  east  are  often  horizon- 
tally stratified.  Good  brick  clays  are  abundant  in  various  parts  of 
W^hite  County,  especially  along  the  line  of  the  St.  Louis,  Iron  Moun- 
tain and  Southern  Railway. 

Tlie  Tertiary  and  Quaternary  clays  along  the  Iron  Mountain  Rail- 
way are,  according  to  Mr.  Kennedy,  made  up  of  two  divisions.  The 
upper  division  is  a  brownish-yellow  sandy  clay  of  very  nearly  the 
same  texture  throughout.  In  places  it  has  a  greater  proportion  of 
clay;  in  others  it  is  nearly  a  sandy  loam,  while  in  still  others  it  is  a 
clean  sand.  It  varies  also  in  color  from  a  brownish  yellow  to  dark 
orange,  or  even  red. 

The  second  or  underlying  division  is  usually  a  dark-bluish  clay, 
somewhat  browTiish  when  damp  and  weathering  almost  white  when 
dry  and  exposed  for  some  time.  In  some  places  this  clay  is  of  a 
reddish  color,  owing  to  the  presence  of  a  greater  quantity  of  iron. 
Although  this  lower  bed  is  somewhat  lighter  in  places,  it  does  not 
materially  vary  in  texture  or  composition,  and  wherever  found  in 
the  region  as  red,  white,  or  blue  clay  it  is  essentially  the  same  mate- 
rial, has  the  same  qualities,  and  is  available  for  the  same  uses.  In 
comparing  the  well  records  in  the  district  these  variations  in  color 
have  to  be  taken  into  consideration,  for  observers  may  report  the 
same  beds  as  having  different  colors. 

These  two  deposits  vary  considerably  in  thickness  in  different 
])arts  of  the  county.  The  underlying  bluish-white  clay  is  persistent 
over  the  whole  area,  but  the  brownish-yellow  clay,  overlying  the 
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blue,  is  by  no  means  so  extensive  and  is  at  some  places  altogether 
absent.  In  the  Beebe  district  the  brownish-yellow  surface  material 
varies  from  3  to  6  feet  in  thickness.  At  Searcy  it  is  3  feet  thick, 
while  a  mile  west  of  Searcy,  in  a  well,  it  is  only  2  feet  6  inches  thick, 
and  it  has  the  same  thickness  (2  feet  6  inches)  at  Judsonia. 

Wells  in  the  neighborhood  of  Kensett  show  that  the  upper  clay 
there  is  very  irregular  in  thickness,  while  in  some  of  them  it  is  wanting 
altogether.  In  the  Briggs  well,  in  the  S.  i  NW.  J  NE.  J  sec.  16,  T. 
7  N.,  R.  6  W.,  it  is  2  feet  tliick.  On  the  road  near  Captain  Moseby's 
house,  about  a  quarter  of  a  mile  south-southeast  of  Moseby's  gin 
house,  in  the  NW.  i  NW.  i  sec.  15,  T.  7  N.,  R.  6  W.,  it  is  3  feet  tliick. 
At  West  Point  an  extensive  area  is  altogether  devoid  of  any  such  cov- 
ering, while  the  railway  from  that  place  to  Kensett  shows  it  in  various 
places  to  have  a  thickness  of  2  to  4  feet. 

Brownish-yellow  clay  or  earth  suitable  for  the  manufacture  of  brick 
is  found  in  spots  throughout  the  area  under  consideration,  but  most 
of  these  areas  are  too  small  to  be  shown  on  a  small  map.  These  spots 
occur  in  rolls  or  on  the  tops  of  ridges,  and  may,  as  at  Judsonia,  occupy 
parts  of  sees.  8,  9,  and  17.  At  Searcy  the  brownish-yellow  earth 
extends  over  an  area  that  is  possibly  a  quarter  of  a  mile  wide  and 
three-quarters  of  a  mile  long,  occupying  the  small  valley  running  west 
from  the  town  of  Searcy  through  the  centers  of  sees.  10  and  9  and  the 
middle  of  sec.  8,  T.  7  N.,  R.  7  W.  This  area  includes  the  best  brick 
clays  in  this  neighborhood. 

The  sections  exhibited  in  the  well  borings  from  Cabot,  Beebe,  Ken- 
sett, and  Judsonia,  in  a  continuous  line,  as  well  as  those  along  the 
lines  from  Searcy  to  West  Point,  show  the  persistence  of  the  underly- 
ing bluish-white  or  bluish-brown  clay.  This  clay  is  dark  bluish  brown 
when  moist  and  gray  when  dry.  The  Ught-gray  appearance  is  due  to 
patches  of  pale-blue  clay  embedded  in  the  mass.  When  exposed  at 
the  surface  and  allowed  free  contact  with  the  rain  these  whitish  or 
pale-blue  spots  become  fluid  and  spread  over  the  face  of  the  cutting, 
giving  the  whole  a  light  appearance.  This  clay  contains  also  numer- 
ous patches  stained  with  iron  and  some  almost  black.  The  following 
sections  show  the  relations  between  the  upper  yellow  loam  deposits 
and  the  lower  blue  clays  and  sands: 

Section  in  C.  Essiq's  urll,  near  licehc. 

Feet. 

1.  Surface  (lay 4 

2.  Bluish  clay  with  clark-colorcd  and  iron-staiiu'd  patches 10 

3.  Joint  clay 20 

4.  Yellow  sandy  clay 14 

6.  Quicksand 7 

No.  1  of  this  section  is  used  for  bricks  and  No.  2  for  drain  tile. 
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In  the  W.  i  N.  4  NE.  \  NW.  i  sec.  8,  T.  5  N.,  R.  8  W.,  a  well  dug 
by  Mr.  Parker  gives  the  following: 

Section  in  Parker's  well. 

Feet. 

Yellow  l«)ain 6 

Whitt*  joint  clay 12 

Red  t?andy  joint  rlay  with  pehblcs 36 

W.  A.  Ballon  has  a  well  at  Beebe  20  feet  deep,  which  shows — 

SevtUni  in  Ballon* n  urll. 

Feet. 

Yellow  <*lay 3 

IUuIhU  clay 17 

20 

Part  of  the  up|K?r  division  of  the  lower  bed  is  dug  and  luixed  with 
3  feet  of  yellow  clay  for  brick  clay,  and  the  articles  so  made  burn 
better  and  are  much  harder  than  those  made  from  the  yellow  brick 
earth  alone. 

That  part  of  White  County  lying  east  of  the  St.  Louis,  Iron  Moun- 
tain and  Southern  Railway  has  not  been  examined  except  at  West 
^Point.  The  general  geology  of  the  region,  however,  is  infemnl  to  be 
verv"  nearlv  identical  with  that  of  Lonoke  and  Prairie  counties. 
Good  brick  clays  are  likely  to  be  found  throughout  most  of  the  eastern 
part  of  White  County.  In  the  wet  lands  or  slashes  the  limonite  buck- 
shot is  found  in  the  clays  a  short  (hstance  below  the  surface,  and,  as 
is  well  known,  these  nodules  injure  clays  more  or  less  for  brickmaking 
purposes.  The  best  brick  clays  of  White  County  are  found  on  the 
higher  lands. 

CLAY  INDUSTRY. 

The  upper  yellow  clays  are  made  into  bricks  at  Be^jbe,  Searcy,  and 
Judsonia,  and  a  mixture  of  the  yellow  and  upper  portion  of  the  bluish 
clay  is  also  used.  The  blue  day  beneath  was  formerly  also  used  by 
Mr.  C.  Essig  at  Beebc  for  the  manufacture  of  drain  tiles.  The  Beebe 
clay  makes  hard,  solid  bricks,  but  their  color  is  not  satisfactory  and 
they  can  not  therefore  be  used  for  facung  and  other  purposes  where 
ornamental  or  fine  bricks  are  required.  Their  color  when  properly 
burned  is  a  light  gray,  sometimes  running  into  a  dark  cream,  but  they 
are  not  of  a  uniform  shade.  These  bricks  are  well  adapted  for  use  in 
foundations  where  a  sound,  hard  brick  is  required  without  regard  to 
its  roughness  of  appearance  or  poor  color. 

AVhen  the  ])ro\\Tiish-yellow  upjjer  bed  is  used  alone  the  clay  is 
w-orke<l  in  a  ver^^  soft  condition  and  in  drying  shrinks  considerably 
and  shows  a  tendency  to  warp.  A  mixture  of  the  two  clays  forms  a 
brick  which,  although  coarse,  is  of  good  quality,  and  is  less  liable  to 
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shrink  or  warp.  The  mixing  of  the  clays,  however,  requires  a  j^eat 
amount  of  care  and  time.  The  material  of  the  lower  bed  must  be 
dug  up  and  allowed  to  lie  for  some  time  before  it  is  incorporated  with 
the  upper  clay. 

If  the  clay  were  dug  from  the  lower  bed  during  the  fall  of  the  year 
and  left  exposed  to  the  disintegrating  influence's  of  the  rains  and 
frosts  of  the  winter  and  spring  its  texture  for  brick  or  tile  making 
purposes  would  ])e  materially  altered  and  improved.  By  such  treat- 
ment it  would  be  pulverized,  mellowed,  and  almost  completely  tem- 
pered, and  with  slight  additional  treatment  could  be  manufactured 
into  bricks  of  a  bright-red  color,  more  uniform  than  those  made  from 
the  upper  bed  alone,  and  of  better  texture  than  those  made  either 
from  the  upper  clay  or  from  a  mixture  of  the  two. 

As  a  material  for  the  manufacture  of  drain  tiles  this  winter-mel- 
lowed clay  would  serve  a  verj"  good  purpose.  It  would  turn  out  a 
stronger  tile  than  any  at  present  used. 

In  May,  1905,  Mr.  J.  Y.  Woodscm  was  operating  a  brick  plant  at 
Searcy,  one-half  mile  we^t  of  the  court-house.  The  yellow  surface 
clay  is  used  to  a  depth  of  8  feet.  The  mud  is  pugged  in  a  ring  pit 
with  a  Raymond  wheel  run  by  horse  power,  and  must  be  ground  for 
one  and  one-half  to  three  hours  ])efore  it  can  be  molded.  In  the 
summer,  when  the  clay  is  dry,  it  requires  200  to  250  gallons  of  water 
to  temper  sufficient  mud  to  make  1,000  bricks.  In  the  winter  it 
requires  le-ss  than  half  that  amount  of  water. 

The  bricks  are  common  wet-mud  bricks  molded  by  hand  and  dried 
in  racks  in  the  oj^en  air.  They  are  burned  in  up-draft  kilns  of  200,000 
capacity.  Wood  is  used  for  burning,  and  about  three-fifths  of  a  cord 
is  used  for  each  1 ,000  bricks.  The  bricks  require  twelve  to  fourteen 
days  for  drying  and  six  to  eight  days  for  burning.  The  plant  is 
operated  by  six  men  and  three  boys,  ami  the  output  is  about  5,000 
bricks  a  day. 

WOODRUFF  COUNTY. 

GENERAL  GEOLOGY. 

The  surface  of  the  western  half  of  Woodruff  County  is  composed 
of  the  alluvial  bottom  lands  of  White  and  Cache  rivers.  The  surface 
of  the  eastern  half  varies  from  a  reddish  clay  to  sandy  prairie  land, 
25  to  30  feet  higher  than  the  bottoms  of  Cache  and  White  rivers. 
The  prairie  area  is  cut  into  north-south  ridges  l)y  Bayou  de  Vue, 
Buffalo  Creek,  Caney  Creek,  and  other  small  streams.  The  most 
prominent  of  these  ridges  is  Nubbin  Ridge,  which  has  a  north-south 
trend  through  R.  2  W.  The  top  of  this  ridge  is  25  to  30  feet  above 
the  Cache  River  bottom  to  the  west.  The  soil  on  Nubbin  Ridge  is 
much  poorer  than  the  rich  alluvial  soils  of  the  bottoms  to  the  east 
and  west. 
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The  geolopc  strata  of  the  county  belong  to  two  distinct  i)eriods. 
The  bottom  lands  are  all  alluvial  sands,  which  are  now  being  formed 
by  the  present  streams.  The  prairie  lands  and  ridges  belong  to  a 
much  earlier  period  in  Quaternary  time. 

Wliere  the  railroad  passes  up  to  Nubbin  Ridge  from  the  bottom 
land  just  south  of  Colona  the  cut  shows  the  following  section: 

Section  of  Nubbin  Ridqe  near  Colona.  _ 

Ft.     in. 

Soil 10 

Reddish  to  yeUowish-tinted  loamy  clay,  containing  buckshot 

concretions;  practically  impervious  to  water 2      2i 

White  sandy  clay,  sharply  separated  from  the  above  by  it«  lack 

of  moisture,  and  grading  down  into  a  reddish  reeiBtant  sand, 

and  this  to  a  purple  loone  sand 10 

The  same  order  of  strata  that  is  given  above  is  seen  in  the  road 
a  short  distance  west  of  Powell. 

The  tjT^ical  prairie  lands  in  the  western  part  of  St.  Francis  Countj^ 
extend  westward  into  Woodruff  County.  The  following  section  was 
ol)tained  in  wells  at  Hunter: 

Sevthm  of  wells  at  Hunter. 

Ft.     in. 
Soil  (a  few  inclios)  at  top. 

Red  clay,  sticky  and  soft  when  wet 2      6 

White  ciay.....^ 3-6 

Hardpan  (clay) 9-15 

riav  and  vellow  sand,  verv  hard  when  drv 5 

Fine  gray  sand 5 

White  sand 4 

Quicksand  with  some  gravel,  water  I)earing 3 

Hardpan 3 

Sand  I)OC(>niing  coarsor  at  lM)tt(>ni,  water  bearing 35-45 

CLAY  INDUSTRY. 

At  present  there  is  hut  one  plant  in  WoodnifF  County  where  clay 
is  utilized.  This  is  a  common  wet-mud  brick  plant  located  at  Cotton 
Plant.  The  bricks  are  made  from  the  yellow  loam  which  occurs  in 
the  prairie  section  of  the  coimty.  There  are  no  large  towns  in  the 
county  except  Augusta,  which  is  located  in  the  alluvial  sands  of 
Wliite  River,  so  that  the  local  demand  for  building  brick  is  not  great. 

YELL.  COUNTY. 

GENERAL  GEOLOGY. 

The  general  geologj^  of  Yell  County  is  similar  to  that  of  Pope  ana 
Ijogan  on  the  north  and  to  that  of  Scott  and  Logan  on  the  west. 
The  clays  therefore  fall  naturally  into  the  same  classes,  namely, 
(1)  Carboniferous  shales  and  clays  interbedded  with  the  hard  rocks 
in  place;  (2)  brick  loam  and  l)uckshot  clays;  (.1)  terrace  days  along 
Arkansas  River;  (4)  clays  of  the  Arkansas  River  flood  plains. 
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CLAY  DEPOSITS. 
CARBONIFEROUS   CLAY   SHALES. 

In  Yell  County  the  great  shale  member  at  the  top  of  the  Atoka 
formation  is  again  one  of  the  most  prominent  and  important  of  the 
Carboniferous  rocks.  This  shale  enters  Yell  County  on  the  west,  on 
the  south  side  of  Magazine  Mountain  2i  miles  west  of  Waveland, 
and  extends  along  the  south  side  of  both  Magazine  and  Chiekahah 
mountains.  At  the  east  end  of  Chiekahah  Mountain  it  runs  round 
the  end  and  then,  turning  westward,  extends  along  the  base  of  the 
ridge  until  it  joins  the  same  outcrop  around  the  base  of  Huckleberry 
Moimtain.  The  same  beds  run  entirely  around  Three  Kjiobs  Moun- 
tain, around  Spring  Mountain,  and  around  Mount  Nebo.  The  shale 
bed  underlying  the  sandstone  on  the  south  side  of  Dardanelle  Ridge 
is  this  same  shale. 

Shales  lower  in  the  geologic  scale  are  exposed  over  a  large  part  of 
Yell  County.  At  Chiekahah  village  and  in  the  valley  thereabout 
there  are  many  exposures  of  such  shales.  At  Danville  shales  are  well 
exposed  along  Petit  Jean  Creek  with  a  dip  N.  60°  W.,  varying  from 
20**  to  24°.  These  shales  extend  over  the  flat  valley  for  miles  east 
of  Danville.  On  the  Rover  road  south  of  Danville  and  on  the  north 
side  of  Danville  Mountain  there  are  many  exposures  of  clay  shales 
interbedded  with  sandstones,  and  these  alternations  of  shale  and 
sandstone  continue  to  the  top  of  Danville  Mountain.  Along  the 
road  running  from  Danville  to  Ola,  along  the  base  of  the  mountain, 
the  rocks  are  nearly  all  shales  and  all  dip  toward  the  north.  At  Ola, 
on  the  Choctaw  Railway  and  just  south  of  the  railroad  station,  is  a 
cut,  12  feet  deep,  in  shales.  A  few  hundred  feet  west  of  the  station 
there  is  a  large  exposure  of  promising  looking  shales  in  the  railroad 
cut.  Along  the  road  leading  from  Ola  toward  Dardanelle  shales  are 
exposed  at  many  places  for  a  mile  or  more,  all  of  them  dipping 
northward.  Where  the  Ola-Dardanelle  road  crosses  Petit  Jean  Creek 
the  flaggy  shales  dip  N.  80°  E.  at  an  angle  of  14°.  On  the  ridge  a 
mile  north  of  Dardanelle  the  red  clay  is  underlain  by  fissile  shale 
dipping  north  and  passing  beneath  Dardanelle  Rock. 

BRICK    LOAM    AND    BUCKSHOT    CLAYS. 

The  brick  loam  or  vellow  and  ashen  buckshot  clavs  cover  a  lar^re 
area  in  the  lowlands  of  Yell  County;  indeed,  there  is  probably  more 
clav  of  this  kind  in  Yell  than  in  anv  other  county  in  the  State.  The 
clays  are  especially  abundant  and  thick  along  Petit  Jean  Creek 
from  the  point  where  that  stream  enters  the  county,  3  or  4  miles 
southwest  of  Waveland,  to  the  place  where  it  empties  into  Arkansas 
River — a  distance  of  about  50  miles.  In  places  south  of  Dardanelle 
the  yellow  loam  is  exposed  to  a  depth  of  fully  12  feet,  yet  the  total 
thickness  of  the  deposit  is  not  visible. 
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The  followinji;  are  a  few  localities  at  which  the  brick  loam  has  been 
noted:  On  the  upper  Dardanelle-Danville  road  3  miles  from  Dar- 
danelles at  a  place  where  the  road  crosses  the  stream,  the  loam  is  6 
feet  thick,  with  sandstone  fragments  at  the  base.  It  is  a  widespread 
deposit  in  the  lower  parts  of  the  valley  between  Chickahah  and 
Belleville  and  between  Belleville  and  Danville.  The  valley  soil  about 
Danville  is  mostly  the  **buckshot"  loam.  In  many  of  the  low  red- 
clay  hills  along  Harris  Creek  several  fe^t  of  yellow  clay  lies  beneath 
the  red  clay,  and  waterwom  pebbles  beneath  the  yellow.  At  Johnsons 
Bridge,  on  the  lower  Dardanelle-Danville  road  1  mile  southwest  of 
Dardanelle,  the  yellow  loam  is  at  least  12  feet  thick.  This  exposure 
is  especially  interesting  because  it  exhibits  the  relations  of  the  choco- 
late clays  of  the  river  country.     The  following  is  the  section: 

Section  at  Johnsons  Bridtfe. 

Fert. 

Cireeniah-yellow  loam  with  some  waterwom  oobblee 4 

Chocolate  clay  with  calcareous  concretions  and  nodulen 4-8 

Yellow  Handy  clay  with  calcareous  matter  in  crevices 12 

The  demarcation  between  the  chocolate  clay  and  the  underlying 
yellow  sandy  clay  is  very  clear  at  this  locality.  The  lower  bed  is 
deeply  scored  l>y  big  gullies  that  are  in  places  as  much  as  12  feet  de<*p. 
The  calcareous  matter  of  the  lower  bed  is  derived  from  that  of  the 
chocolate  clay  ])y  solution  and  redeposition,  as  is  indicated  by  the 
fact  that  the  concretions  of  the  lower  bed  occur  mainly  in  cracks 
and  are  not  disseminated  tlu^ough  the  mass  as  they  are  through  the 
chocolate  clays. 

The  following  section  is  an  analysis  of  the  lower  yellow  clay  of 
the  Johnsons  Bridge  st^ction: 

Amiliittit  f>/  thr  louur  yellow  clai/  at  Johntiniis  lir'ulije^  /  wile  south  of  Panlarielle. 

[SiHviiiU'ii  t\TU'i\  lit  IK)"-!  1.1°  ('.     I.  I*.  Smith,  analyst. 1 

Silica  (SiO,  ) 74.  48 

ImtHc  oxide  { VvJ ),  I 7.  52 

Alumina  (Al./)j,) 1 1.  58 

Lime  (CaO) (;4 

Miijurucsia  ( MgO ) 26 

Manganese  oxidi*  (MnO) 41 

Potash  (  K.p) 1. 10 

Siwla  (Na._.0) 54 

lioss  on  ignition 4.  1 1 

UK).  (>4 
Water  nt  I  ]iy°  \  ir)0(' I.  83 

TKRRACK    CLAYS    AU)NO    ARKANSAS    RIVER. 

Certain  clays  and  silts  along  Arkansas  River  are  quite  different 
from  any  found  in  the  Paleozoic  region  away  from  that  stream. 
Such  are  the  loams  used  for  the  manufacture  of  common  bricks  at 
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Argenta  and  at  Fort  Smitli.  Tlie  same  clays  occur  in  Yell  County 
in  the  second  bottoms,  usually  well  away  from  the  river.  But  as  the 
Yell  County  line  follows  this  river  for  28  miles,  there  is  an  abundance 
of  this  material  in  the  second  bottoms,  especially  between  Darda- 
nelle  and  the  mouth  of  Petit  Jean  Creek.  Over  the  pink  and  yellow 
clays  that  form  most  of  these  terraces  lie  patches  of  w^hat  the  Arkan- 
sas Geological  Survey  has  called  chocolate  clays.  These  chocolate- 
colored  clays  are  very  fiiie  silts,  and  are  extremely  ])lastic  and  sticky 
when  wet.  When  dried  they  often  break  up  in  small  angular  and 
conchoidal  fragments  and  are  sometimes  called  "buckshot''  <*lays, 
not  on  account  of  the  presence  of  the  iron  nodules  that  characterize 
the  true  "buckshot"  loams,  but  because  it  falls  to  pieces  in  these 
small  lumps  about  the  size  of  a  buckshot.  These  chocolate  clays 
have  thus  far  been  found  in  the  State  only  within  the  area  subject  to 
overflow  by  Arkansas  River,  ami  it  has  therefore  been  supposed  that 
they  are  silt  deposits  made  by  that  stream.  The  section  at  Johnsons 
Bridge  just  given  shows  that  the  chocolate  day  is  of  later  age  than 
the  yellow  and  pink  loams  of  the  second  bottoms.  The  chocolate 
clav  usuallv  contains  an  abundance  of  lime  nodides.  The  day  itself 
is  also  high  in  lime,  as  is  shown  by  the  following  analysis: 

Aiuily,vs  of  vhicohitv  cliuj fm}n  Johnsotm  lir'uhjc,  nrnr  hanlainllr. 
[Sp<*cinieii  drip.l  at  110°- 11.-,°  (\     Bnukctt  »^  Smith,  armlysts.] 

Silicii  ( SiO,) 50.  01 

In»n  ( FtsOj) (>.  (;S 

Alumina  (Al/).;) 19.  80 

Limo  (CaO)" 4.  7<; 

Magnesia  (MgO) OO 

Potash  ( K.p) 2.  12 

S(Kla  (^X.0) I.  05 

Ii«>w  on  ijxnition 9.  57 

101.  s:. 
AVahT  ai  1 10°  115°  (' 7.  77 

A  qualitative  examinatitm  of  the  no(hiles  in  the  chocolate  clay 
showed  that  they  consist  chiefly  of  lime  carbonate,  but  they  contain 
c(msiderable  iron  and  magnesium. 

The  chocolate  clay  overUnnjx  this  yellow  sandy  clay  at  Johnsons 
Bridge  and  elsewhere  in  the  neighborhood  has  been  tried  for  brick- 
making,  but  without  success.  Indeed,  it  may  be  set  down  as  a  rule 
that  the  chocolate  chiy,  wherever  foimd  in  the  State,  is  unsuit(»d  to 
brickmaking. 

«  Soino  r»f  Ihr  linu'  is  in  th«'  form  of  carlKumti'.  hiit  thr  curl  Mink*  ai'i«l  was  not  <l«'t«Tniin«*«I, 
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ALLUVIAL   CLAYS    A1X)NG  AliKANSAS   RIVER. 

The  clays  of  the  great  flood  plain  of  Arkansas  River  are  confined 
to  the  river  bottoms  proper.  They  are  for  the  most  part  extremely 
variable  in  character  and  thickness  and  hold  out  but  little  promise 
of  being  useful  as  clays. 

CLAY    INDUSTRY." 
POTTERY. 

In  the  SE.  1  SE.  J  sec.  12,  T.  6  N.,  R.  21  W.,  a  deposit  of  light- 
bluish,  red-streaked  clay  overlies  the  black  shales  to  a  depth  of  3  to 
5  feet.  This  same  clay  covers  the  greater  part  of  the  section.  Some 
years  ago  it  was  worked  as  a  pottery  clay,  and  was  manufactured 
into  a  strong,  dark-red  earthenware.  When  glazed  the  material 
used  for  the  purpose  was  broken  glass  and  soda,  which  gave  the  wrare 
a  peculiar  greenish  color.  This  clay  may  be  suitable  for  sewer  pipes 
or  any  ware  requiring  a  strong  ])lastic  clay  capable  of  burning  to  the 
verge  of  vitrification  and  taking  a  salt  glaze. 

In  the  E.  \  SE.  J  sec.  11,  T.  6  N.,  R.21  W.,  soft  blue  argillaceoiLs 
shales  appear  to  underlie  .3  fe^t  of  broken  red  shales  and  sandstones. 

COMMON    BRICKS. 

In  the  NE.  J  NE.  J  sec.  1,  T.  6  N.,  R.  21  W.,  bricks  have  been  made 
from  a  light -yellowish  sandy  day.  This  clay  is  about  2  feet  thick 
and  overlies  a  red  clay.  The  red  clav  forms  the  surface  soil  in  the 
northern  part  of  the  same  section  and  also  in  part  of  the  NW.  J  NW.  J 
sec.  6,  T.  6  N.,  R.  20  W.  No  bricks  have  been  made  in  this  yard 
since  ISSO.  From  the  broken  pieces  of  brick  lying  on  the  3'^ard  they 
appear  to  burn  to  a  salmon  color  when  soft,  and  when  burned  hard 
are  gray  and  spotted  with  iron. 

On  lot  2  of  the  NW.  }  SW.  J  sec.  6,  T.  6  N.,  R.  20  W.,  bricks  were 
made  some  years  ago  by  Messrs.  Perry  &  Kimball  and  afterward  by 
Mr.  R.  Smilev.  A  vellowish  clav  containing  small  white  calcareous 
con(T(»tions  was  used  for  the  manufacture  of  these  bricks.  This  clav 
is  unsuited  for  hand  molding,  and  the  bricks  were  made  on  a  Hotch- 
kiss  machine.  Owing  to  the  stiffness  of  the  clay  and  the  tendency 
of  the  green  bricks  to  (Tack  when  exposed  to  the  sun,  there  was  con- 
siderable difficulty  in  drying  them  until  drying  sheds  were  built. 
Under  cover  the  bricks  dried  very  slowly,  but  without  much  loss 
through  breakage.  In  burning  these  bricks  the  firing  was  kept  up 
for  twelve  to  fourteen  days.  The  shrinkage  or  settling  in  the  kiln  is 
said  to  have  been  considerable,  but  no  reliable  information  could  be 
obtaine<l  on  the  subject.     The  eye  bricks  showed  a  slight  tendency 

a  The  iiotPM  on  the  clay  iiuliifltrioa  of  Yell  County  wore  made  by  Mr.  William  Kennedy. 


ANALYSES    OF   (^LAYS.  285 

to  vitrification  and  were  of  a  dark  metallic-blue  color.  The  bricks 
were  hard  and  apparently  durable,  some  of  them  put  down  in  a  pave- 
ment twelve  years  ago  being  still  sound.  In  the  SW.  J  SE.  }  sec.  29, 
T.  6  N.,  R.  20  W.,  J.  F.  Nolan  burned  a  few  bricks  in  1888.  The 
earth  used  by  him  is  of  orange  color.  The  bed  is  2  feet  thick  and 
extends  over  an  area  of  30  acres.  The  bricks  burned  hard  and  range 
in  color  from  a  dark  cherry-red  to  a  light  gray.  The  hard-burned 
bricks  are  spotted  with  dark  iron  stains.  The  loss  at  this  kiln 
amounted  to  about  one-third. 

The  only  plant  in  operation  in  the  county  at  the  present  time 
(1906)  is  run  by  William  Murphy,  at  Dardanelle,  for  making  common 
bricks.  No  further  information  concerning  this  establishment  was 
obtained. 

ANALYSES   OF  CLAYS. 

In  the  table  of  analyses  of  pottery,  fire,  and  other  clays  of  Arkan- 
sas given  on  pages  236-237,  certain  typical  clays  of  Ohio  and  Mis- 
souri are  also  included  for  purposes  of  comparison. 
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PRODUCTION. 

There  has  been  a  steady  increase  in  vahie  of  tlie  elay  products  in 
Arkansas  since  1809,  as  the  followinjic  fifjures  will  show:'* 

\uliir  of  via y  product H  of  Arkun^ts  ISiiU-19in. 

I 

Y««Hr.  A  moil  lit.  Year.  Anmuiit. 


\fm '  $3:<9. 142      law SlWi.5B2 

19(K> 381.012   '  1»05 643,956 

I9()l ;    407.2fi3      1906 fiS.194 

1902 1    320.178       1907 \  S3lS,2B6 

1903 589.  IM« 


Th(»  Dutput  an<l  value  of  the  various  clay  products  of  ^Vrkansas  for 
the  year  1907  are  summarized  below.  The  number  of  operating 
firms  re  port  in  ji:  is  52. 

Quantities  and  ralutH  of  lariouM  vlity  prtMluvta  of  Arkanms  in  1907, 


i 


Avftnge 
Quantity.         Value.      ^^E*^' 


I 


ttaou- 
I    sand. 


<'oinmon  l.rick 68,463,000  $468,706  '          S6.85 

Vitrifii^d  l.rick (*»)                   1000 

Krontbrick 1.010,000  |  11,940  i          11.82 

Fin'lmck '■  (M         '          12.36 

Dniintik' 5.100" 

Eiirthrnwnn*  hikI  stonowam 16.950   

Miwllanooiis  •• I         33.530   


536,286  I. 


<t  StHtiHtirs  of  th(>  clay-working  imliislhoM  in  the  Unitod  Stato8  In  1904.  by  .Icffpraon  Mlddlnton. 
t*  InriiKii'd  in  'Misrcllaiifous'  to  hvokI  diMclosmg  thi>  oporationa  of  individual  CBtablishment*. 
''  Includos  vitrifl(Hl  and  fln*  l)riok.  hollow  Imilding  tile  or  hlockH,  etc. 

L.I8T  OF  CLAY  WOUKKU8. 

The  following  table  ^ives  a  director}'  of  the  clay  workers  in 
Arkansas  in  1006,  together  with  the  location  of  their  plants  and 
data  concerning  materials,  proces.ses,  etc. 
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Akron.  Ohio  day  from,  «naljrm«i>( 237 

A]l>an)-.dii}'[rom.  anulyiEHot 211,237 

Alexander,  tttyt  nmr 191 

Alga  Bltiff,  cCnys  at « 

Alma,  clay  Indualiy  Ht 7U 

wctlanat.  ICQ 

AmitMdvUlo.dayn'nMT M 

Analyses. dlfOniHlonof K-W 

tahttot  aM-237 

Stf  alto  partltlilar  roantlet. 

Archlmodes.occarriBncpoL.,-.,.- --,        Ifi 

Aigenlo.rlayiinpBr 1111,177 

Ark»rtriphin,Hiy:[U"iui :17 

ArkadpliiliJri  ■.Iml-, dianutpr  and  illHtrlliti- 

tlonof 37-3S 

A  rkaniiaii.  geologic  map  of I'ocket. 

Arkanssa.  <j«)l(]K<calSurvpyof 0 

ArkuKai  C^unly .  dpacriptlon  »l 47 

■wril  In,  mor4  ol f! 

Aikanaai  River,  daya  on St. 

ia,i:il,l32.a».-,>]2-2l3. 232-234 

AtkanwM  ValLpy.  deacrtpllnii  n[ II 

AiUpyCounly  deacriptlonol W 

well  In.  rwHjrdo-l W 

Atkins,  dayindualryat Iiw 

Atoka  lommlioii.di.yaiJI 1/J.Ztl 

B. 

BakrtCmk,  days  rimr ISN 

■Barl*r.  dayaat IW 

flarn-n  Coal  Mi-ai-iiwH,  Idrntily  nl lU 

Srr  aim  WInslow  fnnnulliin. 
Bateavllle  aandslonp,  charact^  and  illBtri- 

BalUltfl.  daya  HSBodateil  with 32-M 

ooeurrence  of IM 

Modyot 12 

Bayou  dea  Arcs,  clays  on an 

Bayoa  Ueto  anlldlnr,  description  of 1.12 

Bay  Village,  days  ol il 

days  near ! 227 

wella near,  rcconld of 227,2S» 

BeechCpw-k.dayann  *1.2lf» 

Bdlevllle.dayani^r 232 

Benton, day Ind ml ry iimr in;-i!» 

daya Ht  and  nnr IfO-I'M 

analyimot 101. IW 

iMxliI  of ,  drvHllona  o< IM) 

kaolin  at I9U-N7 

■48130— Hull.. ■iT.I-os ir> 


Bcoton.  kaolin  at,  analysis  ot in7 

secHonsat liO,l»,l(il,lM 

sections  at,  figuic  showing IW 

Illl'llography,  referpnceln 20 

BlgCrowCteek,  (oKBllson ISO 

BIr  Indian  <:r»k.  days  on    22S 

Blnldny  analyslsof S7 

tjuiilltyo*.             "6 

Blfwdl  Hill,  aretlon  through,  flgum  show- 
ing   2U» 

Black  *-wrlioll'ot™u,days on 200 

Black  Hack, day  IndiiHtryat 12fi 

Blaine,  daya  at 130 

Bolivar  Cin!k,alays  on M 

Boone  chert,    Btt  Boone  [armatlon. 
Boone  formation,  charactar  and  dlslrit<u- 


Boonoville,  days  at 

rtiiKtan  Uountalas,  description 

linidleyCounty.ciayso*.    ... 

dMrOptlonot  

Biashy  Branch,  daya  on 

Brick,  daya  for,  analyses  of... 


Brinkley,  wdl  at,  record  of 

Brushy  Cieek.  day  on 

Brushy  Mountain. days  at 

Iliiduuian,  E.  C    an  I'lka  County  d 


analyses  of 

W,M-4S,.-i« 


28 
....  29,« 


I'ahot.day  Indnattyat.-- 

duyHiwitr 

WPllnrnr  reeorilof 

f'svfapRlverdayaon  ... 
(■•dwnftwli.cHByaAii — 
Calhoun  C'onnly.  rtays  nl. . 
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Calico  Mountain .  clays  near 130 

Call,  R.  E.,  on  drainage  in  Arkansas 27 

Camden,  clays  at  and  near 138-139, 145-146 

Canada  Creek,  clays  on 81 

Carl>oniferou8  rocks,  occurrence  and  charac- 
ter of 14-17 

section  across,  figure  showing 17 

Carrion  Crow  Mountain,  clays  on , . .  157-158 

coal  In ; 157 

section  of 158 

Cato  syncline,  description  of .* 94, 132 

Cement  clays  for,  analyses  of 29 

Chalk  Bluffs,  clays  near 42 

Cham bcrsvl lie,  clays  near 62-53 

Cheatham  clay,  analysis  of 87 

quality  of 74-75 

section  of 74 

(Cheltenham,  Mo.,  clay  from,  analysis  of —      237 

Chemical  action,  clays  due  to 32 

Cherry  Valley,  clays  of 40,72 

Chickahah,  days  near 232 

Cbickahah  Mountain,  clays  near 231 

Clarks  Creek,  clays  near 77 

clays  near,  analysis  of 87 

Clarke«ville,  clays  near 122-123 

clays  near,  analysis  of 122 

section  near 122 

Classiflcation  of  clays,  plan  of 20 

Clay  County,  clays  of 45, 54 

Clay  products,  production  of 238 

Clay  workers,  directory  of 239-240 

Cleveland  County,  clay  industry  in 56 

clays  of 54 

geology  of 54-55 

sections  in 55 

Cloverhead.  section  at 125 

CoalMKVurrenoeof 16,98,156-157 

Coal  Hill,  clays  at 121,123-124 

section  near 124 

Ct>Ilegevllle.  clays  on 192 

clays  on,  analysis  of 193 

section  on 193 

Colona,  section  near 230 

Color  of  clays,  explanation  of 40 

Columi)ia  County,  clay  industry  In 68 

clays  of 5(>-58 

well  in.  record  of 57 

Conway,  clay  industry  in 97 

clays  near 95,96,225 

section  near 97 

figure  showing 92 

Conway  County,  clays  of 58-61 

geology  of 58 

section  in 59 

Cooks  Creek,  clays  on 84 

Coops  Prairie,  clays  of 208 

section  through,  figure  showing 208 

Copperasj  Creek,  clays  on 40 

Cornish  Ferry,  clays  at 90 

Cox  Creek,  clays  near 75 

Craighejid  County,  clay  industry  in fi3-<>4 

clays  of 62 

geology  of 62-63 

sections  in 62,63 

Crawford  County,  clays  of 66-71 


Page. 

Crawford  County,  days  of,  analyaes  of 67-60 

geology  of 6S-^ 

sections  in 65-66,70 

Crawfords  Bluff,  day  at 49 

Cretaceous  days,  disposition  of 37-38 

distribution  of 37 

Cretaceous  rocks,  occurrence  and  character 

of 18.37 

Crider,  A.  F.,  work  of 9 

Crittenden  County,  description  of 70-71 

Crooked  Creek,  clays  on 192 

Cross  County,  clay  industry  in 73 

days  of 40,44,72 

geology  of 71-72 

sections  in 71 ,  72 

Crowder's  day,  analysis  of 87 

quality  of 76-77 

Crowleys  Ridge,  day  and  lignite  near 39-40 

clays  on,  analyses  of 155, 181 

description  of 12 

geology  of 43-45 

Cypress  Bayou,claysof 133 

Cypress  Valley,  clays  In 96.225 

D. 

Dallas  County,  clay  Industry  In 88-89 

clays  of 73-87 

analyses  of 87 

geology  of 73 

sections  In 74,78-^ 

Danville,  clays  at 231,232 

Danville  Mountain,  clays  at 231 

Dardanelle,  clay  industry  at i 235 

clays  at 232 

analysis  of 237 

Da  rdanelle  Ridge,  clays  of 130, 157, 281 

Dar>'8aw  Creek,  day  on 106 

Dayton,  clays  near 206 

Devall  Bluff,  day  Industry  at 161-162 

section  at 161 

Devonian  rocks,  occurrence  and  character  of       13 
Distribution  of  clays,  conditions  governing.        34 

details  of 34-46 

See  also  individual  countifs. 

Double  Head  Bluff,  clays  at 72 

Drainage,  benefit  of 27 

Drain  tiles,  days  for,  character  and  distri- 
bution of 27 

Drew  County,  clay  industry  in 90 

geology  of 89-90 

well  In,  section  of 89 

Dr>'  Tulip  Creek,  clays  on 74 

section  on 74 

Dyer,  clays  near 70 

E. 

East  Cadron  Creek,  days  on 96 

East  Tulip  Creek,  clays  on .  82 

Eckel,  E.  C,  preface  by 9 

Eldorado,  clays  near 219 

section  near 219 

Ellsworth,  clays  near 130 

El  Paso,  topography  near 222 

England  Creek,  clays  on 45 

Enolia,  clays  near 59 


INDEX. 
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^-  Page. 

Faulkner  County,  clay  industry  in 96-97 

clays  of 92 

geology  of 90-98 

section  of 97 

sections  of,  figures  showing 91-29 

FayetteviUe,  day  industry  at 67 

FayetteviUe  formation,  character  and  dis- 
tribution of 15 

Feldspar,  analysis  of 25 

Felker  mine,  clays  at 121 

Felsenthal,  clay  industry  at 221 

Fire  clays,  analyses  of 236 

occurrence  and  character  of 35, 

66-67, 128.  passim. 

Fletcher  Creek,  clays  on 129 

Forrest  City,  clays  at 44 

clays  at,  analysis  of 181 

sections  at  and  near.. 179 

Fort  Smith,  clay  industry  at 201-204, 214-217 

clays  at  and  near 68. 101,201-206 

analysis  of 202.204,206.217,236 

sections  at 205.216 

Fort  Smith  formation,  character  and  distri- 
bution of 17 

Fossils,  occurrence  of 38-39 

Fourche  La  Fave  River,  clay  on 200 

Fourche  Mountain  district,  clays  of 162-166 

clays  of,  analysis  of 164, 165 

wells  in,  sections  of 164, 105 

Franklin  County,  clay  Industry  In 102-103 

clays  of 98, 102 

analysis  of 99 

geology  of 97-98 

sections  in f»8.  W,  101 .  102 

Preeo  Creek,  clays  on 77. 85 

Fuller,  clays  near 208 

(}. 

Gainesville,  clay  industry  at 108 

clays  at 42, 108 

analysis  of 42, 108 

Garland  County,  days  of 103 

rectorit*  in 103-104 

analysis  of 103 

Geologic  history,  outline  of 18. 3<) 

Geologic  map  of  Arkansas Pocket. 

Geology  of  n'gion,  bibliography  of 37 

description  of 12-19 

general  features  of 11-12 

Golden  City,  clays  at 129 

Goodwin  Pmlrie.  clays  from,  analyses  of  . .  181-182 

Goulets  Island,  lignite  on 50 

well  on,  record  of 50 

Grant  County,  clays  of 104 

description  of 104 

lignite  of 105 

wells  In,  records  of 106 

Greenbriar,  clays  near 95 

Greenbriar  syncline,  description  of 94 

Greene  County,  clay  industry  in 106 

clays  of 40,45, 107,10^-109 

analyses  of 41, 42, 108, 109 

geology  of 107-106 

Green's  clay,  analysis  of 87 

quality  of 76 

Gum  Bottom,  clays  in 105 


^-  Page. 

Ilackett  City,  clays  from,  analysis  of 207 

Hamburg,  well  at,  record  of 48 

Hampton,  clays  near 52 

Harris,  O.  D.,  on  Arkansas  clays 48-40,55 

Harrisburg,  day  industry  at 166 

days  at * 46-46 

analyses  of 154-156 

sections  at 164 

Hartman.  clays  at 12l 

Hartshome  sandstone,  character  and  dis- 
tribution of 17, 157-158 

Hayes,  C.  W.,  work  of 12,33 

Hays  Creek,  clays  on 84 

Hegwood  Prairie,  days  on 131 

Hdena,  days  near 42 

Hempstead  County,  clay  industry  In 110-111 

clays  of 110 

analysis  of Ill 

geology  of 110 

Holland,  clays  near (»5, 133 

Holland  syncline,  description  of 93-94 

Hope,  clay  industry  near 110-111 

clays  near I lO-l  11 

analysis  of Ill 

Hot  Spring  County,  clay  industry  in 117 

clays  of 57, 112-116 

analysis  of 113 

geology  of 112 

section  in,  figure  showing ll.'J 

wells  in,  sections  of 114-115 

Huckid)erry  Mountain,  clays  at 130, 231 

Hunter,  wells  near,  records  of 230 

Huntington,  clays  near 208 

1. 

Illinois  Creek,  clays  on 157 

rml)oden,  days  at 126 

Intnisive  rocks,  character  and  distribution 

of 12 

Iron  Ore  Mountain,  clays  of 168 

I  vy,  days  near 79 


Jackson  County,  clays  of 118 
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GEOLOGIC  RECONNAISSANCE  OF  A  PART  OF 

WESTERN  ARIZONA. 


By  Willis  T.  Lee. 


INTRODUCTION . 

Purpose  of  the  investigation. — The  investigations  described  in  this 
bulletin  were  made  in  western  Arizona  under  the  general  direction 
of  Mr.  N.  H.  Dartpn.  The  region  examined  lies  mainly  west  of  the 
high  plateau  and  north  of  latitude  33^  30'. 

The  original  purpose  was  to  investigate  the  w^ater  resources  of  the 
region  and  the  extent  to  which  they  might  be  developed.  This 
necessitated  an  examination  of  the  geographic  features  with  special 
reference  to  irrigable  lands  and  the  possibilities  of  getting  water  to 
them,  and  of  the  geologic  formations  with  reference  to  their  bearing 
on  questions  of  underground  water.  Conditions  were  found  so  unfa- 
vorable for  water  development  in  this  region  that  the  economic  results 
of  the  work  are  unimportant,  or  at  best  have  negative  value.  On 
the  other  hand,  the  region  proves  to  be  one  of  great  geologic  interest. 
Many  significant  features  were  observed,  and  their  bearing  on  impor- 
tant geologic  problems  was  noted,  but  want  of  sufficient  time  as 
well  as  the  desert  condition  of  the  region  made  it  impossible  to  fol- 
low out  many  of  the  most  interesting  lines  of  investigation. 

Extent  and  character  of  the  investigation, — The  observations  were 
made  during  rapid  reconnaissance  trips.  In  the  summer  and  autimin 
of  1903  the  Hualpai,  Detrital-Sacramento,  Big  Sandy,  Chino,  and 
Aubrey  valleys  were  visited,  and  Colorado  River  was  examined  from 
Needles,  Cal.,  southward  to  Yuma,  Ariz.,  the  object  of  the  river  trip 
being  to  examine  the  geologic  conditions  at  the  various  reservoir 
sites  of  the  Reclamation  Service  along  lower  Colorado  River.  Dur- 
ing the  spring  and  summer  of  1904  a  more  extended  reconnaissance 
was  made,  including  a  river  excursion  from  the  mouth  of  Grand  Can- 
yon to  Needles,  Cal.,  and  several  overland  trips  shown  on  the  accom- 
panying map  (PL  I). 

The  amoimt  of  territory  covered  necessitated  for  the  most  part 
very  general  observations,  and  as  the  investigation  was  undettAkK^ 
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in  the  interests  of  water  development  the  evident  impossibility  of 
development  in  certain  places  rendered  it  impracticable  to  make 
extended  geologic  examinations  where  such  examinations  would  have 
been  of  great  scientific  interest.  For  these  reasons  the  fragmentary 
data  here  presented  might  perhaps  be  of  little  use  if  they  related  to  a 
region  fairly  well  known,  but  so  little  is  known  either  of  the  geology 
or  of  the  geography  of  this  region  that  the  information,  confessedly 
incomplete,  will,  it  is  believed,  be  of  value  to  many  persons. 

The  northern  third  of  the  region  is  covered  by  the  early  reconnais- 
sance maps  of  the  United  States  Geological  Survey,  and  the  geographic 
features  are  well  known.  Little  has  been  done,  however,  toward 
accurately  mapping  western  Arizona  south  of  the  thirty-fifth  par- 
allel. The  maps  heretofore  published  were  foimd  erroneous,  espe- 
cially in  the  locations  of  moimtain  groups  and  lines  of  drainage.  It 
is  not  claimed  that  the  map  accompanying  this  bulletin  is  errorless, 
but  in  the  southern  part,  where  previously  published  maps  have 
been  most  incorrect,  this  map  is  believed  to  be  measurably  accurate 
owing  to  data  acquired  by  recent  railway  surveys  and  furnished  for 
use  in  this  bulletin  by  W.  A.  Drake,  engineer  of  the  Santa  Fe  Rail- 
way system. 

The  geologic  formations  were  mapped  where  practicable,  and  their 
general  distribution  over  the  greater  part  of  the  region  was  deter- 
mined. Data  concerning  their  character  and  occurrence  were  col- 
lected as  far  as  time  would  allow,  and  special  attention  was  given  to 
the  recent  geologic  history. 

During  the  investigation  it  became  evident  that  changes  of  a  physi- 
ographic nature  have  occurred  in  recent  geologic  times,  which  have 
produced  notable  results.  Changes  in  surface  elevation  and  configu- 
ration and  in  climatic  conditions  have  resulted  in  periods  of  aggrada- 
tion and  periods  of  degradation  during  which  nearly  the  entire  region 
was  affected.  The  evidences  of  these  changes  are  found  in  such 
phenomina  as  recently  formed  canyons,  filled  valleys,  aggraded 
plains,  and  the  deflection  of  streams. 

The  chief  economic  results  of  the  examination  have  to  do  with  the 
development  of  both  surface  and  underground  waters.  Attention 
is  also  called  to  the  mining  districts  of  the  region,  and  certain  possi- 
bilities of  development  of  the  mineral  resources  are  pointed  put. 

Summary  of  previcm^  knowledge. — Little  information  has  hitherto 
been  published  regarding  the  geology  of  this  region.  In  1856  Jules 
Marcou's  notes  were  published  in  the  Pacific  Railroad  Reports,**  in 
which  he  briefly  describes  the  geologic  features  along  the  route  trav- 
ersed, including  the  igneous  and  granitic  rocks  of  the  Truxton  Pla- 
teau, the  detrital  filling  of  the  Big  Sandy  Valley,  and  the  gneiss  and 

a  Marcoa,  Jules.  Paciflo  Railroad  reports,  vol.  3. 18fid,  p.  1S5. 
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lava  flows  in  the  region  of  Williams  Canyon.  Again,  in  1858,  he 
makes  brief  mention  of  the  region  in  his  '^  Geology  of  North  America.''** 

The  first  account  of  any  considerable  value  is  found  in  Lieutenant 
Ives's  report  on  lower  Colorado  River,  published  in  1861.  Part  3 
of  this  report,  by  J.  S.  Newberry,  describes  the  geology  along  the 
route  traversed  by  the  Ives  expedition.  Newberry  ascended  Colo- 
rado River  to  the  mouth  of  the  Virgin,  and  crossed  the  northern 
part  of  the  region  from  Fort  Mohave  eastward  to  the  Colorado 
Plateau.  Later,  Major  Powell,  in  the  course  of  his  exploration  of 
Colorado  River,  skirted  the  northern  border  as  far  as  the  mouth  of 
the  Virgin,  and  in  the  early  seventies  Gilbert  and  Marvine  described 
its  northern  part  in  the  final  Wheeler  reports.^ 

A  few  scattered  references  to  the  geology  of  the  region  are  found 
also  in  various  mining  reports.  In  1866  ^  Silliman  visited  certain 
mines  near  Fort  Mohave,  and  described  in  a  general  way  the  volcanic 
rocks  of  Black  Mesa.  In  1863  Blake  observed  a  deposit  of  iron  ore 
near  Planet,  in  Williams  Canyon,  and  described  the  metamorphic 
strata  with  which  it  is  associated.**  This  deposit,  together  with  the 
copper  deposits  of  the  Planet  district,  have  recently  been  described 
by  McCam  *^  in  a  brief  sketch  of  the  geology  of  that  locality,  and 
Pratt  f  has  described  the  occurrence  of  ore  in  the  Socorro  mine,  near 
Harrisburg,  Ariz. 

GENERAL  GEOGRAPHY. 

RELATION  TO  SURROUNDING  REGIONS. 

Arizona  is  divided  into  three  general  geographic  provinces,^  known 
as  the  Plateau,  the  Mountain,  and  the  Desert  regions.  The  first 
province  is  well  known  through  the  writings  of  Powell,  Gilbert,  But- 
ton, Walcott,  and  others,  as  the  Colorado  Plateau;  its  western  limit 
is  very  definitely  marked  in  western  Arizona  by  the  Grand  Wash 
Cliffs.  Between  the  Plateau  and  the  Desert  regions  is  a  mountainous 
belt  comprising  the  second,  or  Mountain,  region,  which  includes  the 
greater  part  of  the  area  described  in  this  bulletin.  The  third,  or 
Desert,  region  is  mainly  one  of  low-lying  plains  with  more  or  less 
isolated  mountain  groups;  it  occupies  the  southwestern  part  of  the 
Territory. 

a  Marcou.  Jules,  Geology  of  North  America,  1858,  p.  IS. 

ft  U.  S.  Geog.  Surv.  W.  100th  Mer.,  vol.  3,  pts.  1,  2,  and  5, 1875. 

c  Silliman,  Benjamin,  jr.,  On  some  of  the  mining  districts  of  Arizona:  Am.  Jour.  Sci.,  2d  8er.,vol.  41, 
1866,  pp.  289-306. 

d  Blake,  W.  P.,  Iron  regions  of  Arizona:  Idem,  vol.  40, 18C5,  p.  388. 

«  McCam,  H.  L.,  The  Planet  copper  mines  (Arizona) :  Eng.  and  Min.  Jour.,  vol.  78, 1904,  p.  26. 

/Pratt,  J.  II.,  Gold  deposits  of  Arizona:  Idem,  vol.  73,  1902,  p.  795. 

ffRansome.  F.  L.,  Description  of  Globe  district:  Geologic  Atlas  U.  S.,  folio  111,  l'.  S.  Gfol.  Survey, 
1904,  p.  1. 
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No  definite  line  of  separation  can  be  drawn  between  the  Desert  and 
Mountain  provinces  in  the  area  here  described.  In  central  and  south- 
ern Arizona  the  distinction  is  well  marked;**  but  in  western  Arizona 
the  Mountain  region,  so  prominent  in  the  central  part  of  the  Terri- 
tory, becomes  a  transition  belt  in  which  the  descent  of  about  6,000 
feet  from  the  high  plains  of  the  Colorado  Plateau  to  the  low-lying 
plains  of  the  Desert  region  of  southern  Arizona  is  accomplished 
through  several  mountain  groups  with  gradually  diminishing  eleva- 
tion. The  transition  becomes  less  marked  northward  until  in  north- 
ern Arizona  the  change  in  elevation  is  accomplished  largely  by  fault 
scarps. 

North  of  the  area  described  Gilbert,  in  the  Wheeler  reports  (and 
other  geologists  following  him),  makes  but  two  general  provinces,  the 
High  Plateau  and  the  Great  Basin,  but  states''  that  on  account  of  an 
interlocking  of  characteristics  along  the  borders  their  common  bound- 
ary is  not  easily  located.  This  division  into  two  topographic  prov- 
inces is  a  more ,  natural  one  for  northwestern  Arizona  than  the 
threefold  division  of  central  Arizona.  The  basin  ranges  and  broad 
gravel-filled  valleys  of  Nevada  extend  southward  into  Arizona  and 
bear  the  same  general  relations  to  the  High  Plateau  that  they  do  in 
southern  Nevada  and  Utah. 

TOPOGRAPHY. 

General  character, — The  Colorado  Plateau  here  enters  into  consid- 
eration only  in  so  far  as  it  forms  the  boundary  of  the  area  described. 
This  bulletin  is  concerned  chiefly  with  the  low-lying  area  to  the  west. 

In  the  Mountain  region,  south  of  the  area  described,  the  rocks  have 
been  deeply  dissected  by  erosion,  and  great  crustal  movements 
have  occurred.  Near  the  escarpments  bordering  the  plateau  the 
mountains  consist  in  some  places  of  disturbed  portions  of  the  sedi- 
mentary' formations  of  the  plateau,  let  down  to  their  present  position 
by  faulting.  Mountains  of  this  kind  occur  in  the  vicinity  of  Globe, 
Ariz.,*"  in  the  Tonto  basin, ^  and  within  the  region  described  near 
the  moutli  of  Grand  Canyon.  In  many  places,  especially  at  a  distance 
from  tlie  edge  of  the  plateau,  sedimentar\^  rocks  are  not  found,  and 
it  is  (lifTicult  to  determine  whether  mountains  composed  entirely  of 
crs'stalline  rock  are  due  to  local  elevation  or  are  simply  masses  left 
by  erosion  during  the  general  degradation  of  the  region. 

a  Lee,  W.  T.,  Underground  waters  of  the  Suit  River  valley,  Arizona:  AVater-Supply  Paper  U.  8. 
Oeol.  Survey  No.  13(>,  19()5. 

h  Oinjort,  (1.  K.,  and  Mar^ine,  A.  K.:   U.  S.  Geog.  Surv.  W.  100th  Mer.,  vol.  3, 1875,  p.  57. 

c  Ransonu',  F.  L.,  Description  of  Globe  district,  Arizona:  Geologic  Atlas  U.  S.,  folio  111,  U.  S.  Geol. 
Sun-ey,  1904.  Also  Geology  of  the  GIoIh?  copper  district,  Arizona:  Prof.  Paper  U.  S.  Oeol.  Survey 
No.  12,  1903. 

d  Lee,  W.  T.,  Underground  waters  of  the  Salt  River  valley,  Arizona:  Watei>Supply  Paper  U.  S.  Geol. 
Survey  No.  13G,  1905,  p.  117. 
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The  mountain  ranges  throughout  western  Arizona,  with  a  few  not- 
able exceptions,  lie  in  general  parallel  to  the  border  of  the  plateau. 
In  general,  also,  the  mountains  become  smaller  and  more  com])letely 
isolated  away  from  the  plateau.  In  central  Arizona,  where  the  dis- 
tinction between  mountain  and  plain  is  most  marked,  rugged  moun- 
tains extend  from  Mogallon  Mesa  to  the  Superstition  Mountains,  a 
distance  of  70  miles,  where  they  give  place  gradually  through  such 
isolated  groups  as  the  Phoenix  Mountains,  Estrella  Mountains,  etc., 
to  the  still  smaller  hills  of  southwestern  Arizona.  As  the  mountains 
become  less  prominent  the  valleys  broaden  and  finally  blend  into  a 
plain  completely  surrounding  the  isolated  mountain  groups.  The 
topographic  character  of  northwestern  Arizona  lies  between  these  ex- 
tremes, the  area  being  about  equally  divided  between  mountain  and 
plain. 

Mountains. — The  mountains  of  northwestern  Arizona  occur  in  four 
more  or  less  distinct  groups.  The  first  consists  of  a  series  of  cliffs  at 
the  eastern  border  of  the  region  known  as  the  Grand  Wash,  Cotton- 
wood, Aquarius,  and  Yampai  cliffs.  The  first  three  form  a  practi- 
cally continuous  escarpment,  extending  from  Colorado  River  south- 
ward to  Williams  Canyon,  a  distance  of  about  125  miles.  The  Grand 
Wash  Cliffs,  extending  from  Colorado  River  to  Music  Mountain,  a  dis- 
tance of  about  50  miles,  is  composed  of  crystalline  rock  at  the  base, 
overlain  by  the  sedimentary  formations  of  the  plateau  region.  At 
Music  Mountain  this  escarpment  divides,  the  lower  or  crAstalline  part 
continuing  southward  under  the  names  of  the  Cottonwood  and  Aqua- 
rius cliffs  and  forming  the  edge  of  the  Truxton  Plateau,  while  the  upper 
or  sedimentary  part  recedes  to  the  east,  under  the  name  of  the  Yampai 
Cliffs.  With  the  lower  group  of  cliffs  may  be  included  the  Aquarius 
and  Artillery  mountains,  which  form  the  southward  extension  of  the 
Aquarius  Cliffs. 

A  second  group,  consisting  of  the  White  Hills,  Cerbat,  and  Ilualpai 
mountains  and  the  Aubrey  Hills,  forms  a  broken  range  parallel  to 
the  cliffs  at  the  west.  The  White  Hills  and  the  Aubrey  Hills  are  in- 
conspicuous  as  topographic  features,  but  the  two  central  sections  are 
prominent.  The  Hualpai  Mountains  attain  a  maximum  altitude  of 
8,266  feet  in  Hualpai  Peak,  and  the  Cerbat  Mountains  an  altitude  of 
somewhat  more  than  7,000  feet  in  Cherums  Peak. 

A  third  group,  lying  still  farther  to  the  west,  is  commonly  known 
as  the  Black  Mountain  Range,  and  consists  of  the  Black  Mountains 
proper,  Black  Mesa,  and  the  Mohave  Mount auis.  This  range  is  rela- 
tively low,  except  at  its  northern  end,  but  is  continuous  from  Colo- 
rado River  southward  to  Sacramento  Wash,  where  it  is  broken  down 
for  a  few  miles  before  attaining  prominence  again  in  the  Mohave 
Mountains. 
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The  fourth  group  of  mountains,  situated  south  of  Williams  River, 
does  not  correspond  with  the  other  three  grpups  in  geograpliic  posi- 
tion or  in  regularity  of  arrangement.  In  place  of  the  parallel  arrange- 
ment of  north-south  ridges  just  described,  this  group  is  made  up 
of  three  large  east-west  ranges  and  three  small  north-south  ranges. 
The  Harcuvar  and  Harquahala  mountains  are  about  equal  in  altitude 
and  are  the  loftiest  and  most  massive  mountains  in  central  western 
Arizona.  The  other  groups  are  less  conspicuous,  though  the  Buck- 
skin Mountains  are  moderately  prominent,  particularly  at  their  east- 
em  extremity. 

Valleys  and  plains, — Three  distinct  kinds  of  lowland  occur:  First, 
the  valleys  and  canyons  now  containing  running  water,  such  as  the 
Colorado  and  Williams  valleys,  including  Big  Sandy  Wash  and  Santa 
Maria  Canyon ;  second,  old  debris-filled  valleys,  such  as  the  Detrital- 
Sacramento,  Hualpai,  and  Big  Sandy  valleys;  and  third,  plains  eroded 
from  hard  rock  or  built  up  by  flows  of  igneous  rock,  such  as  the  Trux- 
ton  Plateau;  Extensive  detrital  plains,  such  as  Cactus  Plain,  Rane- 
gras  Plain,  etc.,  which  occur  south  of  Williams  River,  are  probably 
debris-filled  valleys  similar  to  those  farther  north,  but  their  character 
is  not  certainly  known. 

DESCRIPTIVE  GEOLOGY. 

ROCK  FORMATIONS. 

The  rocks  of  western  Arizona  are  mainly  pre-Cambrian  crystallines, 
Tertiar}^  eruptives.  and  probably  Quatemar}^  sediments.  •  Sedimen- 
tary formations  of  Paleozoic  age  occur  only  at  the  eastern  margin  of 
the  area  described.  The  igneous  rocks  are  described  by  Albert  Johann- 
sen  (see  pp.  81-92),  but  many  of  the  details  upon  which  this  general 
description  is  based  may  be  found  in  the  following  sections. 

PRE-CAMBRIAN. 

The  oldest  rocks  of  the  region  consist  mainly  of  granites  and 
gneisses.  (See  p.  81.)  Coarse-grained  granitic  rock  giving  little  or 
no  evidence  of  gneissoid  structure  is  found  in  many  places  throughout 
northwestern  Arizona.  It  occurs  beneath  the  Cambrian  sandstone 
at  the  base  of  the  clifl's  in  the  eastern  part  of  the  region,  forms  the 
central  core  of  the  Black  Mountains,  and  constitutes  the  main  mass 
of  the  Cerbat  and  Hualpai  mountains.  Gneiss  occurs  in  many  places, 
either  in  extensive  masses,  as  at  the  southern  end  of  the  Hualpai 
Mountains  and  in  the  Aubrev  Hills,  or  in  restricted  areas  where  local 
movements  have  taken  place,  as  near  Hualpai  Wash,  at  the  northern 
end  of  the  region.  At  the  mouth  of  the  Grand  Canyon  the  granite, 
which  had  obviously  been  exposed  at  the  surface  prior  to  the  depo- 
jsition  of  the  Cambrian  sediments,  is  prevailingly  red  to  a  depth  of 
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200  feet  or  more.  A  similar  coloring  of  both  the  granite  and  the 
gneiss  was  noted  in  Black  and  Boulder  canyons  and  in  several  places 
south  of  Williams  River. 

Metamorphosed  sediments,  consisting  of  quartzites,  argillites,  and 
limestones,  occur  in  several  localities  in  northwestern  Arizona.  These 
were  observed  in  Virgin  Canyon  at  the  northern  end  of  the  region,  in 
Williams  Canyon,  and  in  the  Granite  Wash  Hills  in  the  vicinity  of 
Harrisburg.  They  are  highly  metamorphosed,  faulted,  tilted,  and 
more  or  less  included  as  blocks  within  the  granites  and  gneisses.  They 
were  nowhere  observed  in  contact  with  the  Cambrian,  but  on  account 
of  their  high  degree  of  metamorphism  and  their  intimate  association 
with  granites  which,  in  the  cliffs  region,  lie  beneath  the  Cambrian 
sandstone,  are  here  regarded  as  probably  pre-Cambrian  rocks. 

CAMBRIAN. 

According  to  the  various  writers  who  have  described  the  Grand 
Canyon  region,  Cambrian  rocks  occur  in  Grand  Canyon  and  are 
identical  in  character  with  those  in  the  cliffs  in  the  eastern  part  of  the 
area  described.  They  consist  of  a  coarse-grained  basal  quartzite  80 
to  100  feet  thick,  overlain  by  about  600  feet  of  yellowish-green 
arenace6us  shale.  The  quartzite  and  shale  together  comprise  the 
greater  part  of  the  Tonto  formatioifof  the  Grand  Canyon  section. 

CARBONIFEROUS. 

Resting  with  apparent  conformity  upon  the  Tonto  formation  is  the 
Redwall  limestone  (the  Devonian  of  Grand  Canyon  described  by 
Walcott**  was  not  identified  in  the  cliffs),  which  is  1,000  feet  or  more 
in  thickness  where  examined.**  From  Music  Mountain  southward 
this  limestone  is  separated  more  or  less  distinctly  into  an  upper  and 
a  lower  division.  The  upper  part  is  massive,  with  little  tendency 
toward  separation  into  layers  even  in  weathered  surfaces.  The 
lower  part,  although  consisting  mainly  of  limestone,  is  made  up  of 
distinct  layers,  often  separated  by  thin  seams  of  clay. 

In  Truxton  Canyon  two  small  collections  of  fossils  were  obtained 
from  the  Redwall  limestone.  These  were  examined  by  G.  H.  Girty, 
of  the  Geological  Survey,  who  reports  the  following  lists. 

At  Yampai,  near  the  top  of  the  exposed  section,  the  following  were 
obtained : 


Derbya?  sp. 

Composita  aff.  C.  subtilita. 
Aviculipecten  sp. 
Aviculipecten  sp. 


Aviculipecten  sp. 

Myalina  sp.  aff  M.  meliniformis  and  M. 

congcmeris. 
Edmondia?  sp. 


a  Walcott,  C.  D.,  Am.  Jour.  Scl.,  3d  ser.,  vol.  20,  1880,  pp.  221-225. 

f>  G.  K.  Gilbert's  section  at  the  mouth  of  Grand  Canyon  shows  a  thickness  of  2,675  feet  in  the  Rwlwall 
limestone. 
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These  fossils,  according  to  Girty,  indicate  a  Pennsylvanian  or  ''Coal 
Measures"  age. 

Lower  in  the  section,  near  Nelson,  Ariz.,  Mississippian  forms  were 
obtained  as  follows: 


Spirifer  striatus  var.  madlsonensis. 
StraparoUus  sp. 


Menophyllum  exravatum. 
Schuchcrtella  inaequalis. 
Spirif(»r  centronatus. 

Girty  states  that  this  is  the  Eomississippian  fauna,  which  has  a  wide 
range  over  the  West,  correlating  with  the  lower  "Wasatch ''°  lime- 
stone of  Utah,  the  Madison  limestone  of  Yellowstone  Park,  and  the 
Chouteau  limestone  of  Missouri. 

The  Red  wall  limestone  has  been  described  by  Gilbert  **  as  consisting 
of  ''Upper  Carboniferous '^  above  and  ''Lower  Carboniferous"  below, 
and  King^  makes  a  similar  division  of  the  "Wasatch''  limestone  in 
Utah.  It  is  probable  that  in  the  area  here  described  the  line  of 
separation  between  the  Pennsylvanian  and  the  Mississippian  is  to  be 
drawn  between  the  upper  massive  and  the  lower  laminated  divisions 
of  the  Red  wall. 

TERTIARY. 

Eruptive  rocks. — If  sediments  of  Triassic,  Jurassic,  or  Cretaceous 
age  were  deposited  in  western  Arizona,  they  >vere  removed  previous 
to  the  opening  of  the  Tertiary  period.  The  Tertiary  rocks  are  prin- 
cipally effusive  andesites  and  rhyolites,  which  occur  in  isolated  moun- 
tain masses  and  in  broad  sheets  having  a  maximum  thickness  of  3,000 
feet  or  more.  The  oldest  effusive  rock  is  the  andesite  of  the  northern 
end  of  Black  Mesa.  (See  p.  27.)  It  is  a  dark-colored  porphyritic 
rock  lying  above  the  granite  and  beneath  the  rhyolites  and  later 
andesites. 

The  older  andesite  is  overlain  by  extensive  beds  of  rhyolitic  ash, 
tuff,  and  flows,  which  extend  over  a  large  part  of  western  Arizona,  and 
which  were  in  turn  followed  by  extrusions  of  andesite.  The  rhyolites 
and  younger  andesites  are  closely  associated  and  must  at  present  be 
described  together.  (See  pp.  83-87.)  They  are  conspicuously  exposed 
in  the  Black  Mesa,  White  Hills,  Kingman  Mesa,  and  Aquarius  Moun- 
tains, but  extend  eastward  beyond  the  area  mapped,  and  farther  south 
occur  in  extensive  masses  in  the  Chocolate  and  Dome  Rock  ranges. 

Some  of  the  older  basalt  sheets  of  the  region  may  also  belong  to  the 
Tertiary,  but  this  is  not  definitely  known.  They  cut  the  rhyolites  and 
andesites  in  dikes  and  overlie  them  in  sheets.     East  of  Chloride  they 


"  Pn'scnt  usage  of  thii  G«^ological  Survey  n\strict8  the  name  Wasatch  to  the  Eocene  formation.  As 
soon  as  Huflloient  (J('taile<l  work  can  hedone,  another  name  will  be  assigned  to  the  Carboniferous  forma- 
tion. 

'» Gilbert,  ('..  K..  Final  Kept.  V.  S.  Geog.  Sur^^  W.  100th  Mer.,  vol.  3,  1875,  pt.  1,  p.  178. 

f  King,  Clarence,  Final  Rept.  U.  S.  (Jeol.  Explor.  40th  Par.,  vol.  1,  p.  155. 
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occur  within  the  Detrital-Sacramento  Valley,  which  was  presumably 
excavated  in  late  Tertiary  time. 

Greggs  hrecda. — The  Greggs  breccia,  so  called  from  Greggs  Ferry, 
at  the  northern  end  of  the  region,  is  a  name  here  given  to  a  detrital 
formation  filling  the  Grand  Wash  Trough  and  having  an  exposed 
thickness  of  about  1,400  feet.  It  is  composed  of  coarse  unassorted 
and  poorly  stratified  material,  consisting  largely  of  blocks  of  crystal- 
line rock,  similar  to  the  granite  and  gneiss  of  the  Virgin  Mountains 
to  the  west.  Toward  its  top  the  detrital  material  is  cemented  with 
lime  carbonate,  and  in  places  the  upper  200  feet  consists  of  travertine 
containing  few  rock  fragments.  This  travertine  is  best  exposed 
south  of  Colorado  River  and  east  of  Greggs  Ferry,  where  it  caps 
conspicuous  cliffs,  which  rise  1 ,400  feet  or  more  above  the  river. 

The  formation  contains  no  fossils,  so  far  as  observed,  and  its  refer- 
ence to  the  Tertiary  is  based  largely  on  the  physiographic  evidence 
given  in  detail  in  the  description  of  the  Grand  Wash  Trough  and  later 
in  the  section  on  ^'Geologic  history.''  Briefly  stated,  the  accumula- 
tion of  the  breccia  antedates  the  cutting  of  Grand  Canyon,  which 
apparently  began  either  in  the  latter  part  of  the  Tertiary  or  at  the 
beginning  of  the  Quaternary. 

QUATERNARY. 

Temple  Bar  conglomerate. — Temple  Bar  conglomerate  is  a  name  here 
given  to  a  sand  and  gravel  formation  having  wide  distribution  in  west- 
em  Arizona.  It  occurs  in  the  Colorado  and  other  valleys  of  that 
region,  filling  the  low  places  generally  to  an  altitude  of  3,000  feet  or 
more.  The  conglomerate  is  typically  exposed  near  the  mouth  of 
Virgin  River  at  Temple  Bar,  from  which  it  takes  its  name.  At  this 
point  it  consists  of  slightly  consolidated  sand  and  gravel  exposed  in 
nearly  perpendicular  cliffs  (PI.  II),  in  which  are  included  sheets  of 
basalt. 

Where-  exposed  along  the  Colorado,  the  Temple  Bar  conglomerate 
is  evidently  a  river  deposit,  but  it  merges  laterally  into  deposits  of 
angular  mountain  wash  in  some  places,  and  possibly  into  lacustrine 
deposits  in  others.  It  rests  unconformably  upon  the  Greggs  breccia 
and  older  formations,  and  is  apparently  equivalent  in  age  to  the  wide- 
spread detrital  accumulation  filling  the  low  places  of  the  Southwest 
generally  and  forming  the  desert  plains  of  Arizona  and  parts  of  south- 
em  California. 

No  fossils  have  been  found  in  the  conglomerate,  and  there  are  no 
means  known  at  the  present  time  by  which  it  may  be  definitely  corre- 
lated with  other  formations.  In  composition,  geologic  and  physio- 
graphic relations,  and  general  appearance  it  is  similar  to  the  Gila 

49964— Bull.  352—08 2 
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conglomerate  described  by  Gilbert °  from  the  Gila  Valley;  by  Ran- 
somed from  the  vicinity  of  Globe,  Ariz.;  by  Lindgren*  from  eastern 
Arizona,  and  by  the  present  writer**  from  the  Salt  River  Valley  in 
central  Arizona.  The  greater  part  of  the  Temple  Bar  conglomerate, 
however,  is  not  usually  so  well  consolidated  as  the  Gila  conglomerate, 
although  in  places,  especially  where  the  older  portions  are  exposed, 
it  is  as  firmly  cemented. 

In  constitution  and  general  appearance  the  formation  resembles 
the  Lake  Bonneville  beds  of  Utah  described  by  Gilbert  *  as  Quater- 
nary. The  correlation,  however,  is  based  mainly  on  physiographic 
evidence,  the  discussion  of  which  is  included  under  "Geologic  his- 
tory,'' and,  for  the  sake  of  clearness,  is  placed  after  the  section  on 
descriptive  details. 

Ghemehuems  gravel, — Chemehuevis  is  here  applied  to  a  series  of 
gravels  that  lie  unconformably  upon  the  Temple  Bar  conglomerate 
in  the  terraced  bluffs  along  Colorado  River  from  Grand  Canyon  to 
the  Gulf.  In  the  open  valleys  south  of  Black  Canyon  they  form  the 
conspicuous  bluffs  seen  in  characteristic  development  from  Bulls 
Head  southward.  The  name  is  derived  from  the  Chemehuevis 
Valley,  south  of  The  Needles.  The  gravels  are  about  700  feet  in 
maximum  thickness,  but  occupy  a  measurably  narrow  belt  along 
the  river,  having  been  deposited  as  valley  filling  during  an  aggrading 
stage  of  Colorado  River.  (See  p.  65.)  Their  unconformable  relations 
with  the  Temple  Bar  conglomerate  and  their  unconsolidated  condition 
render  it  probable  that  they  are  of  late  Quaternary  age. 

Basalt  flows, — Included  in  the  Temple  Bar  conglomerate  in  many 
places,  and  sometimes  overlying  that  conglomerate,  are  sheets  of 
basalt  from  a  few  feet  to  800  feet  in  thickness,  in  some  places  occu- 
pying large  areas.  These  are  younger  than  the  basalts  which  were 
described  on  page  16  as  having  perhaps  been  outpoured  at  the  close 
of  the  Tertiary  and  which  underlie  the  Temple  Bar  conglomerate. 

GEOGRAPHIC  AND  GEOLOGIC  DETAILS  OF  HIGHLANDS. 

GRAND  WASH  CLIFFS. 

Location, — ^The  Grand  Wash  Cliffs,  located  in  the  northeastern 
part  of  the  area  described,  form  an  escarpment  extending  from 
Music  Mountain  northward  beyond  Colorado  River.  They  constitute 
the  boundary  between  the  High  Plateau  or  Grand  Canyon  district  to 
the  east  and  the  low-lying  Basin  region  to  the  west. 

«  Gilbert,  O.  K.,  U.  S.  Oeog.  Surv.  W.  100th  Mer.,  vol.  3.  pt.  5,  1875.  p.  540. 

f>  Ransome.  F.  L.,  Geology  of  Globe  copper  district,  Arizona:  Prof.  Paper  U.  S.  Oeol.  Survey  No.  12, 
1903,  pp.  47-51. 

<■  Lindgren,  Waldemar,  The  copper  deposits  of  the  Clifton-Morenci  district,  Arizona:  Prof.  Pai>er 
U.  S.  Geol.  Survey  No.  43,  1905,  pp.  75-77. 

ft  Lee,  W.  T.,  Undei^round  waters  of  the  Salt  River  Valley,  Arizona:  Water-Supply  Paper  U.  8.  Oeol. 
Survey  No.  136,  1905,  pp.  111-114. 

«  Gilbert,  G.  K.,  Lake  Bonneville:  Mon.  U.  S.  Geol.  Survey,  vol.  1, 1890. 
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Topographic  features. — ^The  Grand  Wash  Cliffs  are  very  precipitous, 
as  shown  in  section  P-P',  PI.  V,  rising  4,000  feet  or  more  above  the 
plains  to  the  west.  The  drainage  of  the  plateau  near  the  cUffs  is 
northward  to  Colorado  River,  and  the  continuity  of  the  westward- 
facing  escarpment  is  broken  by  few  canyons. 

The  lower  or  granitic  portion  of  the  cliffs,  though  not  so  nearly 
perpendicular  as  the  upper  or  Umestone  portion,  is  steep,  and  the 
slopes  meet  the  detrital  surface  of  the  Hualapai  Valley  at  high  angles. 
Numerous  detrital  cones  have  formed  at  the  foot  of  the  escarpment, 
but  they  are  comparatively  small.  In  a  few  places  the  cones  join 
laterally,  fomung  an  alluvial  slope,  but  in  general  the  escarpment 
rises  abruptly  from  the  nearly  level  floor  of  the  valley. 

Rock  masses, — ^At  the  mouth  of  Grand  Canyon  the  cUffs  are  com- 
posed principally  of  Carboniferous  limestone  (Redwall)  and  Cam- 
brian sandstone  and  shale  (Tonto),  with  a  Uttle  granite  exposed  at 
the  base.  In  Music  Mountain,  at  the  southern  end  of  the  Grand 
Wash  Cliffs,  the  same  series  occurs,  but  the  granite  is  more  exten- 
sively exposed,  the  base  of  the  Tonto  being  about  4,000  feet  higher 
than  at  the  mouth  of  Grand  Canyon. 

The  granite  is  coarse  grained  and  is  intersected  by  dikes  and 
sheets  of  intrusive  rocks  which  terminate  abruptly  at  the  contact 
between  the  granite  and  the  overlying  sandstone  of  the  Tonto.  This 
contact,  as  seen  in  the  face  of  the  escarpment,  is  a  practically  straight 
line  and  represents  a  base-leveled  surface  upon  which  the  Cambrian 
sediments  were  deposited. 

The  sandstone  at  the  base  of  the  Tonto  at  the  mouth  of  Grand  Can- 
yon is  80  feet  thick  and  the  overlying  shale  is  about  600  feet  thick. 
About  12  miles  southwest  of  the  mouth  of  the  canyon,  at  the  base 
of  the  tilted  block  through  which  Iceberg  Canyon  is  cut,  the  sand- 
stone is  again  80  feet  thick,  but  the  overlying  shale  is  only  200  feet. 
A  few  miles  north  of  Music  Mountain,  in  the  pass  occupied  by  the 
road  from  the  Hualpai  Valley  to  the  plateau,  the  sandstone  was 
found  to  be  50  feet  thick  and  the  overlying  shale  300  to  400  feet  thick. 

The  Devonian  of  the  Grand  Canyon  region,  described  by  Walcott,* 
was  not  identified  by  the  writer  in  the  Grand  Wash  Cliffs.  The 
highest  formation  observed  was. the  Redwall  limestone,  which  forms 
the  rim  of  the  cliffs,  and  though  more  or  less  eroded,  still  has  a  thick- 
ness of  1,000  feet  or  more,  according  to  locaUty. 

COTTONWOOD  AND  AQUARIUS  CLIFFS. 

Location. — At  Music  Mountain  the  escarpment  divides,  the  upper 
or  sedimentary  part  receding  toward  the  east  and  the  lower  or  granitic 
part  continuing  southward  imder  the  names  of  the  Cottonwood  and 
the  Aquarius   cliffs.     The   Cottonwood   Cliffs   extend   from   Music 

aWaksott,  C.  D.,  Am.  Jour.  Sci.,  3d  ser.^voV.TK^t^S^.^.^SI. 
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Mountain  to  Trout  Creek,  and  are  best  observed  in  Truxton  Canyon, 
through  which  the  Santa  Fe  Railway  descends  from  the  high  plateau 
to  the  lowlands  farther  west.  The  Aquarius  Cliffs  extend  from 
Trout  Creek  southward  to  the  Aquarius  Mountains. 

Topographic  features. — The  Cottonwood  and  the  Aquarius  cUffs 
are  lower  and  less  precipitous  than  the  Grand  Wash  Cliffs.  Alluvial 
cones  and  slopes  are  developed  to  some  extent'  at  the  base  of  the 
Cottonwood  CUffs  north  of  Truxton  Canyon,  but  from  that  canyon 
southward  to  Signal  the  Big  Sandy  flows  close  to  the  cliffs  and 
prevents  the  formation  of  cones. 

The  continuity  of  the  escarpment  fonned  by  these  cliffs  is  inter- 
rupted in  several  places  by  canyons,  chief  among  which  are  Truxton, 
White  Cliff,  Trout,  and  Sycamore  creeks.  The  canyons  are  narrow 
and  steep  and  the  streams  torrential  in  character. 

Rock  masses. — ^The  Cottonwood  CUffs  are  composed  principally  of 
granite,  2,500  feet  of  which  is  exposed  near  Hackberry.  The  granite 
is  covered  by  a  comparatively  thin  sheet  of  andesite  which  forms  the 
cap  rock  of  the  cliffs  and  thickens  southward,  connecting  with  the 
great  masses  of  igneous  rock  in  the  Aquarius  Mountains. 


WHITE   CLIFF  CANYON 
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Fig.  1.— Sketch  section  across  White  Cliff  Canyon,  showing  relation  of  the  andesite  of  the  Truxton 
Plateau  to  the  yopjiger  ])asalt  at  the  foot  of  the  cliff.  1,  Andesite  flow;  2,  granite;  3,  andesite  tuff; 
4,  basalt  flow;  h,  stratified  volcanic  ash. 

In  White  Cliff  Canyon  the  plateau  is  covered  by  andesite  200  feet 
thick,  the  lower  half  consisting  of  tuff  and  the  upper  half  of  a  columnar 
flow.  Near  the  mouth  of  the  canyon  a  younger  mass  of  volcanic 
rock  occurs  in  an  erosion  embay  men  t  about  1,200  feet  lower  than 
the  lava  capping  the  cliffs.  The  younger  mass  is  basalt  and  consists 
of  several  layers  of  ash,  tuff,  and  flow.     (See  fig.  1.) 

YAMPAI  CLIFFS. 

Location. — A  series  of  irregular  cliffs  extends  from  Music  Mountain 
in  a  general  southeasterly  direction  to  the  southern  end  of  the  Juniper 
Mountains,  where  they  turn  northward,  forming  the  western  bluffs 
of  the  Chino  VaUey,  which  lies  directly  east  of  the  area  here  described. 
These  are  locally  known  as  the  Yampai  Cliffs. 

Topographic  features. — The  Yampai  Cliffs  resemble  the  Grand  Wash 
Cliffs  in  being  precipitous  and  composed  of  hard  limestone  strata, 
but  cUffer  from  them  in  being  much  more  irregular  in  outline.  They 
vary  in  altitude  from  about  6,000  to  6,700  feet  and  rise  1,000  or 
more  feet  above  the  Truxton  Plateau.  In  their  sinuous  outlines, 
Jar^e   reentrant   angles,    and   detached   outlying   portions   Yampai 


DETAILS  OP   HIGHLANDS.  21 

Cliffs  exhibit  the  characteristic  features  of  an  erosion  escarpment, 
the  steep  face  being  maintained  by  the  hard  Redwall  hmestone  at 
the  top. 

Rock  masses, — ^Pre-Cambrian  granite  occurs  in  the  base  of  the 
cliffs.  It  was  observed  by  the  writer  in  four  localities — at  Music 
Mountain,  in  Truxton  Canyon,  near  Cross  Mountain,  and  at  the 
southern  end  of  the  Juniper  Mountains.  As  in  the  Grand  Wash 
Cliffs,  it  terminates  above  in  a  base-leveled  plain,  upon  which  the 
Cambrian  sediments  rest. 

The  Cambrian  rocks  described  continue  uninterruptedly  south- 
ward from  the  Grand  Wash  Cliffs,  the  basal  sandstone  being  about 
100  feet  and  the  shale  about  225  feet  thick  at  the  southern  end  of  the 
Juniper  Mountains. 

The  Redwall  limestone  continues  southward  as  the  highest  forma- 
tion of  the  cliffs,  and  on  account  of  its  superior  hardness  maintains 
the  precipitous  face.  It  thins  southward,  probably  o^\ing  to  erosion, 
until  at  the  southern  end  of  the  Juniper  Mountains  it  is  only  450 
feet  thick. 

The  section  near  Nelson,  in  Truxton  Canyon,  yielded  the  fossils 
previously  described,  showing  that  the  Redwall  limestone  is  partly 
of  Mississippian  and  partly  of  Pennsylvanian  age.  Although  exam- 
ined with  considerable  care,  no  fossils  were  found  in  the  limestone 
at  the  southern  end  of  the  Juniper  Mountains. 

TRUXTON    PLATEAU. 

Location, — Lying  between  the  Yampai  Cliffs  on  the  east  and  the 
Cottonwood  and  Aquarius  cliffs  on  the  west,  is  a  comparatively  level 
plain  extending  from  Music  Mountain  southward  to  the  Aquarius 
Mountains.  The  writer  crossed  it  in  two  places  near  the  northern 
end,  as  shown  by  the  routes  of  travel  delineated  on  PI.  I.  In  the 
vicinity  of  Truxton  Canyon  it  is  locally  known  as  the  Truxton  Plateau, 
and  this  name  may  be  used  to  designate  the  entire  area. 

Topographic  features, — The  plateau,  which  lies  about  5,000  feet  above 
sea  level,  consists  of  eroded  granite,  nearly  covered  with  eruptive 
rock,  which  fills  the  depressions,  leaving  the  higher  granite  points 
exposed  above  the  lava.  In  other  words,  the  Truxton  Plateau  is  a 
lava-covered  peneplain  which  has  been  slightly  dissected  by  a  few 
streams  that  have  cut  narrow  canyons.  Back  from  the  edge  of  the 
plateau  these  are  shallow,  but  they  deepen  rapidly  as  they  near  the 
cUffs  to  the  west,  a  fact  indicative  of  comparatively  recent  uplift. 

Rock  masses, — ^The  rocks  of  the  plateau  are  pre-Cambrian  granites 
overlain  by  Tertiary  rhyoUte  and  andesite,  together  with  basalt  of 
more  recent  origin.  The  plateau  was  not  visited  south  of  Trout 
Creek,  but,  seen  from  a  distance,  the  igneous  rock  apparently  extends 
continuously  southward  to  the  great  masses  of  rhyolite  and  andesite 
of  the  Aquarius  Mountains. 
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AQUARIUS   MOUNTAINS. 

Location. — The  Aquarius  Mountains,  located  in  the  east-central  part 
of  the  region,  form  a  group  of  considerable  size  at  the  southern  end  of 
the  Truxton  Plateau,  and  extend  in  a  southeasterly  direction  across 
the  course  of  Rio  Santa  Maria  and  Date  Creek. 

Topographic  features. — South  of  the  mouth  of  Deluge  Wash  the 
Aquarius  Cliffs  gradually  lose  their  scarplike  character  and  finally 
merge  into  the  general  westward  slope  of  the  Aquarius  Moimtains. 
These  mountains  were  visited  only  at  their  southern  and  western 
extremities,  but  from  the  west  at  a  distance  they  appear  as  lofty 
mountains,  comparable  in  altitude  with  the  Hualpai  Mountains  to  the 
west,  and  the  Harcuvar  and  Harquahala  mountains  to  the  south. 

The  southern  part  of  the  group  is  carved  into  rugged,  irregular 
hills.  Rio  Santa  Maria  has  eroded  a  narrow  canyon  deep  into  the 
lavas,  and  smaller  streams  have  cut  less  deeply.  '  Date  Creek  has  cut 
through  the  end  of  the  ridge,  instead  of  following  an  apparently  easy 
course  a  few  miles  farther  south. 

Rock  masses. — The  granite  of  the  Truxton  Plateau  extends  south- 
ward to  the  Aquarius  Mountains,  and  was  examined  in  Signal  Canyon. 
The  southern  part  of  the  group,  however,  is  composed  of  andesites  and 
rhyolites,  presumably  of  Tertiary  age.  South  of  Santa  Maria  Canyon 
the  mountains,  3,000  to  4,000  feet  high,  are  composed  of  effusive  rock, 
which  has  been  dissected  by  erosion  to  a  depth  of  about  3,000  feet. 

Within  valleys  eroded  in  the  Tertiary  lavas  small  sheets  of  basalt 
occur,  in  some  places  capping  gravels  of  probable  Quaternary  age,  as 
in  Signal  Canyon  (PI.  Ill,  A),  and  in  other  places  occurring  within 
these  gravels,  as  in  Santa  Maria  Canyon  near  the  mouth  of  Big 
Sandy  Wash. 

ARTILLERY   MOUNTAINS. 

Location. — ^The  Artillery  Mountains  form  a  small  group  near  the 
head  of  Williams  River.  They  are  separated  from  the  Aquarius 
Mountains  by  Signal  Canyon  only,  and  are  virtually  an  outlying 
group  of  those  mountains. 

Topographic  features. — The  Artillery  Mountains  are  small  and  com- 
paratively low,  the  only  conspicuous  peak  being  a  sharp  pinnacle  of 
igneous  rock,  apparently  a  volcanic  neck,  which,  on  account  of  its 
altitude  and  pointed  summit,  is  visible  and  easily  identifiable  from 
great  distances.  The  rocks  are  deeply  dissected  by  erosion  on  the 
east  and  south  near  Big  Sandy  and  Williams  rivers,  but  to  the  north 
and  west  the  mountain  flanks  are  buried  by  the  detritus  of  the  Big 
Sandy  Valley. 

RocJc  masses. — The  main  rock  mass  of  the  Artillerv"  Mountains  is 
coarse-grained  granite,  mineralized  in  places,  although  the  mineral 
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prospects  have  not  been  extensively  developed  owing  to  the  inaccessi- 
biUty  of  the  region. 

Overlying  the  granite  south  of  Artillery  Peak  occur  thick  masses 
of  effusive  rock  similar  in  appearance  to  the  older  eflfusives  of  the 
Aquarius  Moimtains  to  the  east,  but  separated  from  them  by  erosion. 
Quaternary  lavas  also  occur  in  small  quantities  included  in  and  over- 
lying the  gravels  in  Signal  and  Williams  canyons. 

WHITE   HILLS. 

Location. — The  White  Hills,  located  in  the  north-central  part  of  the 
region  described,  are  the  southward  continuation  of  the  Virgin  Moim- 
tains of  southeastern  Nevada,  and  are  separated  from  them  by  Virgin 
Canyon. 

Topographic  features. — The  White  Hills  consist  of  many  more  or 
less  isolated  peaks  and  groups  of  hills  rising  a  few  hundred  feet  above 
the  plains  on  either  side  of  them,  and  are  inconspicuous  as  compared 
with  neighboring  highlands. 

RocJc  masses. — Granite  similar  in  general  appearance  to  that 
beneath  the  Cambrian  formation  of  the  Grand  Wash  Cliffs  occurs  in 
these  hills,  and  is  more  or  less  mineralized,  several  gold  prospects  hav- 
ing been  developed  in  it.  Quartzites  and  argillites,  apparently  of 
])re-Cainbrian  age,  occur  in  the  hills  south  of  Virgin  Canyon.  The 
Tertiary  rhyoUtes  and  andesites  are  foimd  from  Squaw  Peak  to  the 
southern  end  of  the  White  Hills,  and  occur  as  light-colored  beds  of 
tuff  and  ash  and  as  flow  sheets. 

CERBAT   MOUNTAINS. 

Location. — The  Cerbat  Mountain  range,  about  30  miles  long,  lies 
south  of  the  White  Hills,  between  the  Hualpai  and  the  Detrital- 
Sacramento  valleys. 

Topographic  features. — The  mountains  are  high,  attaining  a  maxi- 
mum altitude  of  about  7,000  feet  in  Cherums  Peak,  and  have  been 
deeply  eroded.  At  the  southern  end  of  the  range  they  break  down 
and  merge  into  a  dissected  plateau. 

Rock  rrvasses. — The  Cerbat  Mountains  are  composed  mainly  of 
granitic  rock  similar  in  general  appearance  to  the  pre-Cambrian  gran- 
ites of  the  cliffs  region  to  the  east.  These  are  intersected  and  more 
or  less  completely  surrounded  by  effusive  rocks. 

Along  the  western  base  of  the  range  rhyolite  and  andesite  occur  at 
intervals,  but  are  frequently  eroded  away  or  covered  with  wash. 
Near  the  southern  end  of  the  mountains  they  overlie  the  granite  in 
extensive  beds  of  ash,  tuff,  and  flow,  originally  1,000  feet  or  more  in 
thickness.  The  igneous  rocks  are  evidently  due  to  a  long  series  of 
eruptions,  flows,  and  beds  of  tuff  alternating  (see  PI.  TV,  A),  and  both 
being  cut  by  dikes  and  covered  by  younger  effusives. 
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These  effusives  are  megascopically  and  microscopally  the  same  as 
the  rhyolites  and  younger,  andesites  of  Black  Mesa  to  the  west,  and 
form  a  part  of  the  lava  sheet  supposed  to  have  once  extended  con- 
tinuously across  the  Detrital-Sacramento  Valley.  At  the  northern 
end  of  the  range  sheets  of  olivine  basalt  occur  at  the  crest  of  the  ridge, 
tilted  eastward.  (See  section  Q-Q',  PL  V.)  In  several  places  along  the 
eastern  base  similar  sheets  occur,  dipping  steeply  to  the  east  and 
passing  beneath  the  detrital  filUng  of  the  Hualpai  Valley. 

Structure. — ^The  eastward  inclination  of  the  lava  sheets  along  the 
eastern  base  of  the  Cerbat  Mountains  suggests  an  eastward  tilting  of 
the  surface  similar  to  that  shown  in  Iceberg  Canyon  to  the  north  and 
in  the  Hualpai  Mountains  to  the  south  (fig.  2). 

HUALPAI  MOUNTAINS. 

Location. — The  Hualpai  Mountains  are  situated  between  the  Sac- 
ramento Valley  on  the  west  and  the  Big  Sandy  Valley  on  the  east,  in 
the  central  part  of  the  area  described. 


Aquarius  CHfTs 


Horizontal  scale 
o       )        2      3       4-5  miles 


Vertical  scale 

5000 


foooofeet 


Fig.  2.— East-west  section  across  Big  Sandy  Valley,  showing  the  tilted  Hualpai  block  and  the  muxm- 
soUdated  gravel  beds  inclined  toward  the  face  of  the  Aquarius  Cliffs.  1,  Chemehuevi8(?)  gravel; 
2,  granite;  3,  Temple  Bar(?)  conglomerate;  4,  andesite. 

Topographic  features. — The  range  is  about  35  miles  long,  with  a 
general  altitude  of  about  7,000  feet  and  a  maximum  altitude  of  8,266 
feet,  attained  in  Hualpai  Peak.  The  western  slope  is  very  precipitous 
down  to  an  altitude  of  about  3,000  feet,  where  it  meets  the  detrital 
plain  of  the  Sacramento  Valley  at  high  angles.  Along  its  base  occur 
small  flat-topped  lava-covered  hills,  rising  a  few  hundred  feet  above 
the  surrounding  plain.  These  are  most  numerous  at  the  north,  near 
the  lava  fields  of  the  Kingman  area,  but  extend  southward  nearly  to 
the  southern  end  of  the  range.  Detrital  material  has  accumulated 
in  alluvial  fans  and  slopes  to  some  extent,  but  in  general  the  steep 
mountain  face  meets  the  plain  at  high  angles. 

The  eastern  slope  of  the  mountains  is  not  so  precipitous  as  the 
western.  At  altitudes  of  nearly  6,000  feet  the  crystalline  rocks  begin 
to  disappear  beneath  a  corrugated  detrital  slope  of  comparatively  low 
gradient,  which  extends  eastward  to  Big  Sandy  Wash,  a  distance  of 
10  to  15  miles.  In  this  distance  the  descent  is  about  the  same  as  that 
attained  in  the  western  slope  in  a  much  less  distance.     (See  fig.  2.) 

At  the  southern  end  of  the  range  the  mountains  cease  rather 
abruptly,  giving  place  to  low  isolated  hills  separated  by  broad  passes 
occupied  by  the  detrital  accumulation  of  the  plains.  To  the  east  are 
several  comparatively  small  spurs  and  detached  mountain  groups, 
such  as  Owens  Peak,  Peacock  Mountains,  etc. 
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RocJc  masses. — The  Hualpai  Mountains,  so  far  as  observed,  are  com- 
posed mainly  of  coarse-grained  granitic  rock,  becoming  gneissoid  at 
the  southern  end  of  the  range.  They  are  highly  mineralized  in  places, 
and  dikes  and  quartz  veins  are  numerous.  At  Cedar,  near  the  sum- 
mit of  the  range,  mining  operations  have  been  successfully  carried  on 
for  a  number  of  years.  The  lavas  capping  the  foothills  to  the  west 
are  outlying  portions  of  rhyolites  and  andesites  of  the  Kingman  area 
(see  p.  16),  and  the  small  masses  in  the  Peacock  Mountains  are  prob- 
ably parts  of  the  lavas  covering  the  Truxton  Plateau  that  have  been 
let  down  to  their  present  position  by  faulting.  The  detrital  material 
of  the  eastern  slope  is  part  of  the  detrital  accumulation  described 
under  the  caption  ''Big  Sandy  Valley." 

Structure. — The  Ilualpai  Range  ^w^as  apparently  formed  by  the 
upheaval  and  tilting  eastward  of  a  large  crust  block,  the  movement 
taking  place  along  faults  west  of  the  range  and  at  the  Cottonwood  and 
Aquarius  cliffs.  The  evidence  of  block  tilting  in  addition  to  that 
given  of  faulting  along  the  cliffs  rests  on  the  steep,  scarplike  western 
face  of  the  range,  the  high  angles  at  which  the  mountain  slope  meets 
the  surface  of  the  Sacramento  Valley,  and  the  gently  inclined  debris 
slope  of  the  eastern  face. 

AUBREY  HILLS. 

Location. — South  of  the  Ilualpai  Mountains  and  lying  between  the 
Sacramento  and  Big  Sandy  valleys  is  a  small  group  known  as  Aubrey 
Hills. 

Topographic  features. — The  Aubrey  Hills  are  low,  rising  but  a  few 
hundred  feet  above  the  plains  on  either  side.  They  are  separated 
from  the  Hualpai  Mountains  by  a  low  d6bris-filled  pass  connecting 
the  Big  Sandy  and  the  Sacramento  valleys,  and  from  the  Buckskin 
Mountains  by  Williams  Canyon. 

RocJc  masses. — The  rock  at  the  northern  end  of  the  hills  is  granitic 
gneiss.  In  Williams  Canyon  occurs  similar  gneiss  overlain  by  quartz- 
ite,  argillite,  and  black  metamorphic  limestone.  From  a  distance 
sheets  of  effusive  rock  were  noted  east  of  the  hills,  and  dark-colored 
lava,  probably  basalt,  was  seen  on  their  western  flanks. 

BLACK  MOUNTAINS. 

Location. — The  Black  Mountains,  located  in  the  extreme  western 
part  of  Arizona,  extend  from  the  northern  border  of  the  Territory 
southward  to  Union  Pass. 

Topographic  features. — The  mountains  are  formed  of  three  more  or 
less  distinct  groups.  The  northernmost  group,  extending  from 
Boulder  Canyon  southward  to  Eldorado  Pass,  a  distance  of  about  15 
miles,  attains  a  maximum  altitude  of  about  5,500  feet  in  Mount  Wil- 
son.    From  this  peak  the  altitude  diminishes  northward  to  Q.U<i\iX» 
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Mount  Peridns^  o^SOO  feet  high,  k  the  center  of  the  se^xmd  grcmp, 
viiieh  eoniai»tfe»  ot  a  mcirth-sciatli  ridge  about  30  miles  long.  TW 
tliird  ijr  mfuihemiDo^  gH^^^P-  about  4^500  feet  in  maxinmrn  aititode, 
e4Hmi^  <A  many  small  irregular  hilk  extending  eftstwaid  for  a  cc»i>> 
^iderable  dife^tflnee  intci  tbe  Detrital-Sac«amento  Vallev.  The  \hree 
groupfi»  Umn  a  continuous  range,  the  apparent  a^ianUkm  being  due 
Ui  aeeumulatiMi  of  detritus,  wfaieh  filk  the  old  valleys  and  covers  the 
low-lying  paases. 

Ilotk  ff4ajus€$. — ^Tbe  core  of  the  Black  Mountains  consists  of  granitic 
rock.  In  Bould^  Canyon  eoflrse-grained  crystalline  rock  occurs,  as 
described  by  Gilbert,*  overlain  cm  eith^  side  by  gneiss.  In  Pyramid 
Canyon,  farther  to  the  south,  ancl  in  the  hflls  east  of  this  canyon  the 
rock  is  granitic  gneiss. 

Tlie  older  crystalline  rocks  of  the  range  are  overlain  by  extensive 
mMmen  tA  effusive  rock  representing  several  periods  of  ^uption.  Tbe 
oldest  (A  tbe  effusives,  the  andesite  of  the  Gold  Roads  regi<m.  was  not 
oljserved  in  Black  and  Boulder  canyons,  but  in  mimy  places  rfayolites 
and  light-colored  andesite  similar  to  those  overlying  the  dark-colored 
andesite  tA  Gold  Roads  (see  p.  27),  rest  upon  the  granites  and 
gneisses.  These  are  especially  prominent  in  Black  Canyon,  where 
tliev  are  many  hundreds  of  feet  thick.  Thev  were  observed  near 
the  river  at  the  head  of  the  Cottonwood  Valle\"  (section  f,  fig.  6).  at 
tlie  heaxl  of  Pyramid  Canyon,  and  at  many  places  in  the  Black 
Mountains  up  to  an  altitude  of  3,000  feet  or  more. 

The  next  younger  effusive  rocks  of  the  Black  Mountains  are  basalts. 
They  occur  in  dikes  cutting  the  older  rocks  and  in  sheets  overlying 
the  rhyolites  and  younger  andesites.  North  of  Union  Pass  they 
were  outpoured  in  the  Detrital-Sacramento  Valley,  which  had  pre- 
viously l>een  eroded  through  the  rhyolites  and  younger  andesites. 

BLACK  MESA. 

Ijoaiium. — Black  Mesa^  about  35  miles  long  and  5  miles  or  more 
in  width,  is  Hituate<l  between  the  Colorado  and  the  Sacramento  val- 
leyH,  in  the  central  western  part  of  the  area  described. 

Topographic  features. — The  mesa  is  a  remnant  of  a  once  extensive 
plateau  having  a  general  altitude  of  about  4,000  feet  and  a  maximum 
at  Mount  Nutt  of  about  5,000  feet.  A  large  part  of  the  plateau  has 
heoji  eroded  away  and  the  remaining  part  deeply  dissected  by  erosion. 
The  hordoring  cliirs,  altliough  deeply  incised,  form  a  comparatively 
regular  CHcarpmeiit  at  the  eastern  margin  of  the  mesa,  rising  1,000 
IvxyV  or  more  above  the  floor  of  the  Sacramento  Valley.  The  western 
margin  is  inueh  more  irregular  owing  to  the  greater  erosion  caused  by 

a  GlUx'rt,  O.  K,.  Final  \W\il.  U.  8.  Geol.  Burv.  W.  100th  Me r.,  vol.  3, 1875,  pt.  2,  p.  35. 
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the  downcutting  of  Colorado  River.  On  this  side  are  many  more  or 
less  isolated  outlying  remnants  of  erosion,  well  shown  on  The  Needles 
special  map  of  the  United  States  Geological  Survey,  which  includes 
a  small  part  of  the  southern  end  of  Black  Mesa  (there  called  Ute 
Mountains).  The  most  conspicuous  of  these  outlying  masses  is 
Boundary  Cone,  3,429  feet  high — a  sharp  pinnacle  rising  2,500  feet 
above  the  graded  detrital  slope  which  stretches  from  its  base  west- 
ward to  Colorado  River. 

The  rock  of  Black  Mesa  varies  greatly  in  hardness,  and  erosion  has 
carved  out  a  great  variety  of  topographic  forms.  In  places  where 
the  mesa  is  composed  of  moderately  uniform  layers  it  is  bordered  by 
prominent  cliffs  of  regular  outline  1,000  feet  or  more  in  height. 
Where  the  rock  varies  in  hardness  within  short  distances,  as  at 
Union  Pass,  it  is  eroded  into  a  great  variety  of  castellated  forms. 
(See  PI.  ^^,  A,) 

Rock  mmses. — The  granite  forming  the  core  of  the  Black  Moun- 
tains extends  southward  underneath  Black  Mesa,  but  it  is  exposed  in 
few  places,  the  mesa  to  a  depth  of  2,000  to  3,000  feet  being  composed 
mainly  of  effusive  rocks.  Granite  porphyry  was  found  at  the  base 
of  Boundary  Cone  a't  the  western  edge  of  the  mesa,  and  dark-colored 
andesite  at  the  base  of  the  cliffs  at  the  northeastern  extremity;  the 
latter  is  best  exposed  in  the  vicinity  of  Gold  Roads  mining  camp. 
The  andesite  rests  upon  the  granite  and  is  apparently  overlain  by 
rhyolite.  Wherever  observed,  however,  Black  Mesa  is  composed 
mainly  of  rhyolitic  tuff,  breccia,  and  flow.  The  rhyolite  is  in  turn 
cut  by  dikes  of  olivine  diabase  and  overlain  to  some  extent  by  sheets 
of  basalt. 

The  granite  underlying  the  rhyolite  is  penetrated  by  the  well  at 
Yucca  and  exposed  at  the  base  of  the  hills  extending  eastward  into 
the  Detrital-Sacramento  Valley  at  the  northern  end  of  Black  Mesa. 
The  thickness  of  the  effusive  rock  as  determined  at  these  points  is 
about  3,000  feet. 

MOHAVE  MOUNTAINS. 

Location. — The  Mohave  Mountains  are  located  south  of  Black 
Mesa,  between  the  Colorado  and  the  Sacramento  valleys.  They  con- 
sist of  a  massive  central  group,  with  a  spur,  known  as  The  Needles, 
extending  westward  to  Colorado  River,  and  low  unnamed  hills 
extending  southward  to  Williams  River. 

Topographic  features. — The  central  group  is  subcircular  in  outline 
and  about  5,000  feet  high.  It  is  deeply  scored  by  erosion,  and  is 
apparently  the  renmant  of  a  once  much  more  extensive  mountain 
mass. 

The  Needles  are  irregular  pinnacles  resulting  from  the  erosion  of 
the  mass  of  effusive  rock  which  formerly  extended  across  Colorado 
River  and  was  later  dissected  by  that  river  in  cutlvvv^  \\s.  Y^^^'ev^ 
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canyon.  The  unnamed  hills  north  and  south  of  the  central  mass^e 
remnants  of  erosion,  now  separated  from  the  main  peak  by  d^ms- 
covered  passes. 

Rock  masses. — With  the  exception  of  The  Needles,  the  rocks  of  the 
Mohave  Mountains,  so  far  as  observed,  arft  granite,  gneiss,  and  later 
intrusives.  The  crystallines  have  been  greatly  fractured  and  faulted 
and  contain  many  dikes  and  veins.  The  extrusive  rock  of  The  Nee- 
dles overHes  the  crystalline  complex  on  the  eroded  flanks  of  the 
Mohave  Mountains,  and  is  exposed  in  the  canyon  down  to  the  river 
level.  The  thickness  of  the  effusive  rock  as  measured  from  the  river 
bed  to  the  summits  of  The  Needles  is  about  2,000  feet. 

HARCUVAR  AND  HARQUAHALA  MOUNTAINS. 

Location, — The  Harcuvar  and  Harquahala  mountains  are  located 
in  the  southern  part  of  the  area  described,  and  extend  from  the 
eastern  border  of  this  area  about  50  miles  in  a  general  southwesterly 
direction.  They  resemble  each  other  in  many  ways  and  may  be 
described  together. 

Topographic  features. — The  axes  of  these  mountains  lie  in  a  direc- 
tion practically  at  right  angles  to  those  of  the  other  ranges  of  the 
region.  Next  to  the  Hualpai  Mountains  they  are  the  loftiest  in  cen- 
tral western  Arizona. 

Both  ranges  are  narrow,  with  precipitous  slopes  rising  abruptly 
to  altitudes  of  several  thousand  feet  above  the  graded  plain  which 
surrounds  them.  The  main  range  of  the  Harcuvar  Mountains  is 
broken  at  Cunningham  Pass,  and  at  either  end  the  ranges  break  up 
into  isolated  hills.  At  the  west  end  of  these  mountains  a  group 
known  as  the  Granite  Wash  Hills  exliibits  a  tendency  to  return  to 
the  north-south  trend  characteristic  of  the  other  ranges  of  western 
Arizona. 

Rock  masses. — The  rocks  were  observed  only  in  Cunningham  Pass 
in  the  Harcuvar  Mountains  and  near  Harrisburg  in  the  Harquahala 
Mountains,  where  they  consist  of  a  crystalline  complex  underlying 
and  to  some  extent  including  masses  of  quartzite,  argilUte,  and  jneta- 
morphic  limestone.  A  few  miles  south  of  Harrisburg,  where  these 
sediments  were  examined  most  closely,  the  strata  stand  nearly 
vertical. 

BUCKSKIN  MOUNTAINS. 

Location. — The  Buckskin  Mountains,  lying  immediately  south  of 
Williams  River,  arc  virtually  the  southward  continuation  of  the 
Aubrey  Hills,  being  separated  from  them  only  by  the  narrow  gorge 
cut  by  Williams  River. 

Topographic  features. — The  Buckskin  Mountains  are  lofty  at  their 
eastern  extremity,  with  a  precipitous  slope  facing  southward.    The 
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group  is  greatly  eroded,  the  peaks  being  separated  by  comparatively 
low  passes.  The  western  part  is  composed  of  irregular  hills  formed 
by  the  dissection  of  a  plateau  of  igneous  rock,  the  general  surface  of 
which  has  an  altitude  of  about  2,400  feet.  The  topographic  features 
of  the  basaltrcovered  plateau  near  the  mouth  of  Williams  River  are 
especially  conspicuous  (PI.  VI,  B),  The  basalt  of  the  surface  is  very 
resistant,  and  the  underlying  sand  and  gravel  (see  p.  54)  is  easily 
eroded,  resulting  in  the  formation  of  precipitous  chffs  nearly  2,000 
feet  high. 

Bock  masses. — The  rocks  of  the  Buckskin  Mountains  consist  of 
biptite  granite,  granitic  gneiss  and  schist,  metamorphic  sedimenti,  and 
effusive  rocks.  The  gneisses  and  schists  are  conspicuously  exposed 
in  Williams  Canyon,  where  they  are  horizontally  laminated  and 
fissile,  suggesting  the  name  Banded  Canyon,  by  which  Williams 
Canyon  is  locally  known. 

The  crystalUne  rocks  are  overlain  by  quartzites,  slates,  and  black 
metamorphic  limestones.  These  are  faulted  and  intersected  by 
intrusive  rocks,  and  contain  deposits  of  copper  and  iron  ore.  A  bed 
of  hematite  about  150  feet  thick  was  observed  near  Planet. 

PALOMAS  AND  DOME  ROCK  RANGES. 

Location, — The  Palomas  and  Dome  Rock  Mountains,  in  the  south- 
western part  of  the  region,  were  not  visited  by  the  writer.  Their 
form  and  location  are  taken  from  the  railway-location  map  made  by 
the  Santa  Fe  engineers  in  locating  the  Arizona  and  California  Rail- 
road, furnished  for  this  bulletin  by  the  chief  engineer,  W.  A.  Drake. 
Little  is  definitely  known  of  their  topographic  features  or  rock  masses. 

GEOGRAPHIC    AND    GEOLOftiC    DETAILS    OF    VALLEYS. 

COLORADO  VALLEY. 

GENERAL   STATEMENT. 

Colorado  River  was  traversed  by  boat  from  the  mouth  of  Grand 
Canyon  southward  to  Yuma,  a  distance  of  about  325  miles.  Through- 
out this  course  the  rocks  in  which  the  valley  is  eroded  are  well  ex- 
posed and  geologic  features  of  great  variety  are  well  exhibited.  For 
convenience  of  description  the  valley  is  divided  into  sections,  the 
important  features  being  taken  up  in  order  from  the  mouth  of  the 
Grand  Canyon  downstream.  Several  diagrammatic  sections  across 
the  valley  are  included  with  the  descriptions  in  order  to  illustrate 
relations  not  adequately  shown  in  the  more  generalized  sections  on 
P1.V. 

In  the  published  accounts  of  Major  Powell's  explorations  of  the 
Colorado  little  is  said  of  the  river  west  of  the  mouth  of  Grand  Canyon. 
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The  current  is  swift  as  far  south  as  the  mouth  of  Black  Canyon,  the 
fall  being  about  400  feet,  or  about  5  feet  to  the  mile.  There  are 
several  rapids  of  considerable  size,  formed  by  bowlders  washed  into 
the  river  from  tributary  canyons.  The  largest  of  these  are:-  (a) 
Near  Pierce  Ferry  in  the  Grand  Wash  Trough,  caused  by  bowlders 
from  the  Greggs  breccia  entering  from  the  south;  (b)  at  the  mouth 
of  Grand  Wash,  caused  by  bowlders  from  this  wash;  (c)  3  miles  east 
of  the  Nevada-Arizona  boundary,  caused  by  bowlders  from  a  small 
wash  entering  from  the  north;  (d)  Red  Granite  Rapids,  3  miles  west 
of  the  Nevada-Arizona  boundary,  at  which  point  there  is  a  long 
bowlder  strainer^  on  the  Arizona  side  which  deflects  the  river  sharply 
against  the  red  granite  on  the  Nevada  side;  (e)  Hualpai  Rapids, 
formed  by  the  bowlders  from  Hualpai  Wash;  (f)  Reverse  Rapids,  in 
Boulder  Canyon;   (g)  Roaring  Rapids,  in  Black  Canyon. 

MOUTH   OF   GRAND   CANYON. 

Colorado  River  emerges  from  the  Plateau  region  about  7  miles 
east  of  the  Nevada- Arizona  boundary.  The  Grand  Wash  Cliffs,  which 
form  the  western  border  of  the  plateau,  rise  to  an  altitude  of  about 
4,500  feet,  or  3,500  feet  above  the  river.  A  few  miles  north  of  the  rim 
of  the  canyon  Shiwitz  Plateau  rises  to  an  altitude  of  about  6,300  feet. 

Grand  Canyon  is  very  narrow  at  its  mouth  (PI.  VII,  B)j  and  nearly 
perpendicular  walls  of  Redwall  limestone,  sandstone  and  shale  of  the 
Tonto  formation,  and  granite  (see  pp.  14-15)  rise  from  the  water's 
edge  on  either  side.  Springs  emerge  from  these  formations  in  many 
places  and  deposit  carbonate  of  lime.  The  lower  portion  of  the  can- 
yon walls  is  covered  in  many  places  with  calcareous  tufa  and  pendants 
of  travertine.  In  some  places  the  travertine  projects  irregularly, 
inclosing  picturesque  cavern-like  chambers;  in  other  places  it  forms 
basins  built  out  into  the  river. 

Massive  beds  of  travertine  were  observed  on  both  sides  of  the 
canyon  at  an  elevation  of  500  feet  or  more  above  the  river.  These 
may  have  been  built  out  from  the  canyon  sides  by  springs  and  later 
partly  eroded  away,  but  their  horizontal  bedding  and  location  on 
opposite  sides  of  the  canyon  at  about  the  same  altitude  (see  section 
A  J  fig.  3)  indicate  that  they  are  probably  remnants  of  a  mass  which 
formerly  filled  the  canyon  to  a  depth  of  several  hundred  feet.  They 
are  probably  part  of  an  extensive  travertine  formation  having  its 
greatest  development  near  Hualpai  Wash. 

GRAND    WASH   TROUGH. 

The  Grand  Wash  Trough,  lying  between  the  Grand  Wash  Cliffs  and 
Iceberg  Canyon,  is  a  depression  formed  by  faulting  and  by  the  tilting 

a  "Strainer"  is  a  tenn  used  locally  to  designiite  an  accumulation  of  bowlders  forming  a  porous  dam 
in  the  river,  through  which  the  water  finds  its  way  as  through  a  strainer. 
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of  a  large  crust  block.  It  derives  its  name  from  Grand  Wash,  whicl 
here  enters  the  Colorado  from  the  north.  Its  western  limb  consbts  ol 
strata  of  the  tilted  block,  and  its  eastern  limb  is  the  fault  scarp  of  th( 
Grand  Wash  Cliffs. 

Not  only  are  all  the  rock  formations  composing  the  Grand  Was! 
Cliffs  found  in  the  tilted  block  in  Iceberg  Canyon,  but  strata  youngei 
than  those  in  the  cliffs  are  also  present  and  pass  beneath  the  rivei 
level  with  an  eastward  dip  of  60°  to  80°.  Making  no  allowance  foi 
dip  and  considering  only  the  altitude  of  corresponding  strata  in  th( 
walls  of  Grand  Canyon  and  in  Icebeig  Canyon,  the  downthrow  at  tht 
Grand  Wash  fault  is 
about  5,000  feet.  The 
strata  of  the  block 
pass  beneath  the  river 
level  several  miles 
west  of  the  fault  line. 
If  the  downthrow  be 
computed  from  the 
dip  of  the  strata  and 
the  distance  from  the 
fault  line  at  which 
they  pass  beneath  the 
river,  the  displace- 
ment at  Grand  Wash 
fault  appears  to  be 
several  times  greater 
than  the  5,000  feet  in 
evidence  at  the  sur- 
face. 

The  magnitude  of 
the  Grand  Wash  fault 
has  long  been  recognized.     Gilbert 
dislocation  of  the  plateau  region  hi 
ton, 


lo.  3. — Dlagroiimiallc 
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states  that  the  most  profound 
occurred  at  this  fault,  and  Dut- 
in  describing  it,  writes  that  "the  plateau  had  its  origin  in  a 
great  fault  along  the  crest  of  which  the  countr>'  east  of  it  has  been 
hoisted  several  thousand  feet  above  the  country  on  the  west."  Again 
he  writes  "It  [the  Grand  Wash  Cliffs]  is  a  feature  of  the  highest 
importance,  since  it  is  the  boundary  not  only  of  the  Grand  Canyon 
district,  but  of  the  Plateau  province  itself.  It  drops  the  country  on 
the  west  about  6,000  feet  at  a  maximum."  Huntington  and  Gold- 
thwaite'  have  recently  shown  that  the  fault  is  traceable  northward  to 
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the  vicinity  of  Toquerville,  Utah,  a  distance  of  about  80  miles,  where 
it  joins  the  Hurricane  fault.  The  present  writer  traced  it  southward 
into  the  Hualpai  Valley,  where  it  apparently  forks,  the  western  branch 
reappearing  west  of  the  Hualpai  Mountains  and  the  eastern  one 
following  the  cliffs. 

The  Grand  Wash  Trough  is  filled  with  Greggs  breccia  to  an  alti- 
tude of  about  2,500  feet,  or  1,500  feet  above  the  river.  Where  the 
breccia  was  examined  most  carefully,  in  the  bluffs  south  of  the  river 
about  4  miles  east  of  Greggs  Ferry,  it  was  found  to  be  composed  of 
unassorted  and  poorly  stratified  debris  consisting  of  angular  rock 
fragments,  principally  granite,  the  largest  having  a  diameter  of  10 
feet  or  more.  Toward  the  top  the  fragments  were  cemented  by 
carbonate  of  lime  into  a  very  resistant  mass,  forming  the  cap  rock  of 
certain  conspicuous  cliffs  east  of  Greggs  Ferry.  The  upper  100  feet 
or  more  of  this  capping  stratum  is  travertine  and  is  nearly  devoid  of 
rock  fragments.  Farther  south  the  surface  consists  of  the  truncated 
edges  of  the  upturned  limestone  block.     (See  section  P-P',  PL  V.) 

The  breccia  of  the  Grand  Wash  Trough  has  been  much  more  eroded 
north  of  the  river  than  south  of  it.  The  breccia  was  not  examined 
far  from  the  river,  but,  judging  from  the  size  and  character  of  the 
bowlders  brought  down  by  the  washes,  it  is  probable  that  the  material 
in  the  midst  of  the  trough  does  not  differ  greatly  from  that  described 
from  the  cliffs  at  its  western  edge  near  Greggs  Ferry. 

The  Temple  Bar  conglomerate  also  occurs  in  the  Grand  Wash 
Trough,  appearing  in  many  places  at  altitudes  several  hundred  feet 
higher  than  the  river,  in  depressions  previously  eroded  in  the  older 
rocks.  It  is  composed  of  sand  and  waterwom  pebbles  of  quartzite, 
limestone,  marble,  etc.,  not  distinguishable  at  the  present  time  from 
the  gravels  derived  from  Grand  Canyon.  These  are  in  places  ce- 
mented by  carbonate  of  lime  into  very  resistant  masses,  forming 
nearly  perpendicular  cliffs  500  feet  high.  The  travertine  deposits 
just  described  within  the  canyon  were  probably  formed  at  the  same 
time. 

The  Temple  Bar  conglomerate  of  the  Grand  Wash  Trough  contains 
a  thick  sheet  of  basalt.  The  lava  appears  in  the  face  of  a  cliff  in 
Iceberg  Canyon  in  the  midst  of  the  conglomerate,  and  in  the  Grand 
Wash  Trough  as  a  columnar  sheet  overlying  the  conglomerate.  The 
relation  of  the  Temple  Bar  conglomerate  to  the  underlying  sedi- 
mentar}"  formations  of  the  tilted  block  and  to  the  overlying  sheet 
of  basalt  is  shown  in  PI.  VII,  A, 

The  Greggs  breccia,  where  exposed  near  the  river  within  the 
Grand  Wash  Trough,  is  roughly  stratified,  and  the  strata  are  tilted 
eastward,  the  maximum  dip  observed  being  about  30°.  The  Temple 
Bar  conglomerate  is  also  locally  disturbed,  dips  of  10°  eastward  being 
observed  in  places.     At  the  base  of  the  Grand  Wash  Cliffs  the  detrital 
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material  ends  abruptly  against  the  sedimentaries  at  the  fault  line, 
and  is  locally  disturbed  by  movements  apparently  of  recent  date. 

The  somewhat  complicated  relations  in  the  Grand  Wash  Trough 
may  perhaps  be  made  clearer  by  a  brief  statement  of  the  events  in 
the  order  of  their  occurrence.  The  formation  of  the  Grand  Wash 
fault  and  the  tilting  of  the  crust  block  were  followed  by  a  long  period 
of  erosion  and  deposition,  which  filled  the  trough  with  debris  and 
planed  off  the  upturned  edge  of  the  block,  bringing  the  surface  to  a 
graded  condition.  The  Colorado  Plateau  to  the  east  was  apparently 
at  the  level  of  this  graded  plain.  Then  followed  a  second  period  of 
faulting,  in  which  great  displacements  occurred  at  the  Grand  Wash 
fault  and  minor  displacements  at  several  smaller  faults  to  the  west, 
accompanied  by  further  tilting  of  the  crust  block  and  the  elevation 
of  the  Colorado  Plateau.  This  uplift  of  the  plateau  resulted  in  the 
inauguration  of  Grand  Canyon,  the  river  cutting  directly  across  the 
Grand  Wash  Trough.  The  erosion  proceeded  until  the  canyon  was 
cut  to  a  depth  practically  the  same  as  that  it  has  at  the  present  time. 
This  was  followed  by  deposition  of  gravels  and  of  the  Temple  Bar 
conglomerate,  and  by  eruptions  of  basalt,  after  which  occurred  re- 
newed faulting  and  tilting  of  the  limestone  block,  the  Greggs  breccia, 
and  the  Temple  Bar  conglomerate.  Erosion  again  became  active, 
and  a  second  time  the  canyon  was  eroded  to  a  depth  greater  than  that 
it  now  has. 

Later  events,  which  are  important  farther  downstream,  are  not 
conspicuously  recorded  in  the  Grand  Wash  Trough. 

HUALPAI    WASH. 

Hualpai  Wash  enters  Colorado  River  from  the  south  and  occupies 
a  structural  depression  between  the  western  edge  of  the  limestone 
block  on  the  east  and  the  crystalline  rocks  of  the  White  Hills  on  the 
west.  This  trough  extends  northward  across  the  river  and  is  there 
filled  with  gravel  deposits,  but  their  relation  to  other  formations 
was  not  determined. 

In  Hualpai  Wash  a  limestone  several  hundred  feet  thick  occurs. 
In  some  places  it  is  a  massive,  pink,  compact  rock  resembling  the 
Redwall  limestone  of  the  canyon  section.  Unlike  that  limestone, 
however,  its  character  varies  within  short  distances  from  a  compact 
rock  to  a  comparatively  soft  earthy  substance,  weathering  with 
rough  cavernous  surface.  In  Hualpai  Wash  it  rests  directly  upon 
an  irregular  surface  of  granite.  In  other  places  it  abuts  rather 
abruptly  against  previously  existing  granite  cliffs,  and  contams  frag- 
ments of  the  granite  embedded  within  it.  In  still  other  places  it 
apparently  rests  upon  beds  of  sand  and  clay,  although  this  observa- 
tion was  not  satisfactory. 

49964— Bull.  352—08 3 
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The  material  is  similar'  in  character  to  the  travertine  capping 
Greggs  breccia  (section  C,  fig.  4),  and  to  that  occurring  in  beds  500 
feet  or  more  in  thickness  in  the  mouth  of  Grand  Canyon  (section  A, 
fig  3)  It  is  apparently  a  travertine  deposit  belonging  either  to  the 
Greggs  ^epos^t'^  let  down  to  its  present  position  by  faulting  (section 
D  fig  4)  or  to  the  Temple  Bar  deposits  both  of  which  are  known  to 
cuntam  lai^e  beds  of  travertine      Its  relation  to  the  sedimentary 

rocks    and    to    the 

underlying  granite 
of  the  tilted  block 
to  the  east  is  shown 
m  the  sketch  sec- 
tions in  fig.  4. 

Within  the  can- 
yon, resting  uncon- 
formably  upon  Tem- 
ple Bar  conglomei^ 
ate  and  the  older 
formations  at  vari- 
ous points  on  either 
side  up  to  an  alti- 
tude of  150  to  200 
feet  above  the  water 
■  level,  occur  uncon- 
solidated gravels. 
They  are  not  con- 

»  h,  £,  n  Virgin  Canion       SpicUOUS  east  of  Ice- 

Gn«gsbr™ia;*.R«i».^i  (jgpg  Canyou,  al- 
though  some  gravel 
beds  in  the  Grand  Wash  Trough  above  high-water  level  may  have 
been  formed  at  the  same  time.  Farther  downstream  they  are  con- 
spicuously developed  and  are  there  known  as  the  Chemehuevis  gravel. 


VIRGIN    CANYON. 


At  the  mouth  of  Ilualpai  Wash  Colorado  Kiver  enters  a  narrow 
rock  goi^e  cut  in  the  crystalline  rocks  of  the  Virgin  Range.  The 
canyon  is  about  5  miles  long  and  from  1,000  to  1,500  feet  deep,  with 
walls  rising  steeply  from  the  water's  edge  on  either  side. 

High  in  the  sides  of  the  canyon  walls  occur  remnants  of  lights 
colored,  horizontally  bedded  material.  (See  section  E,  fig,  4.)  These 
were  not  examined  closely,  but  from  a  distance  they  have  the  same 
general  appearance  as  the  Temple  Bar  conglomerate  characteristically 
developed  at  the  same  altitude  a  few  miles  farther  west. 
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Mrgin  Canyon  widens  westward  as  the  river  emerges  from  the 
ciystalline  rocks  and  enters  the  detrital  beds.  At  Temple  Bar  the 
sand  and  gravel  filling  the  DetritAl  Vtdlej  is  exposed  in  vertical  cliffs 
several  hundred  feet  high.  At  the  base  of  the  cUffs  is  a  coarse  breccia 
exposed  throng  a  thickness  of  about  300  feet  and  composed  princi- 
pally of  fragments  of  a  rfayolite  flow  breccia  cemented  into  a-reststant 
mass.  Ihe  cementing  material  is  mainly  carbonate  of  lime,  hut  in 
some  places  it  is  sihca  and  in  other  places  oxide  of  iron, 
issuing  from  this 
breccia  are  strongly 
charged  with  com- 
mon salt  and  alkali, 
which  gather  as 
white  incrustations 
about   the   springs. 

Resting  uncon- 
formably  upon  this 
breccia  and  abut- 
ting against  it,  as 
illustrated  in  sec- 
tion F,  fig.  5,  occurs 
the  characteristic 
Temple  Bar  con- 
glomerate. The 
conglomerate  con- 
sbts  of  well-strati- 
fied sand  and  gravel 
(see  PI.  VIII,  A), 
and ,  although 
poorly  consolidated, 
forms  perpendicu-  °  " 
lar  clifl's  himdreds  of  feet  in  height.  PI.  II  shows  this  conglomerate 
in  one  of  its  most  characteristic  exposures,  wbere  tbe  cliffs  rise 
abruptly  from  the  water's  edge  to  a  height  of  815  feet.  A  large 
number  of  equally  conspicuous  sand  and  gravel  cliffs  and  monuments 
occur  in  the  Wcinity  of  Temple  Bar,  extending  from  the  river  level  to 
altitudes  of  2,000  to  2,500  feet. 

Sheets  of  basalt  occur  at  several  horizons  of  the  conglomerate,  A 
shelf  about  200  feet  from  the  base  (see  Pi.  II}  is  formed  by  one  of 
these  sheets  of  basalt,  and  other  sheets  occur  at  higher  horizons 
(section  F,  fig.  5).  South  of  the  river  a  basalt  sheet  resting  on  top 
of  the  gravel  beds  may  be  younger  than  those  included  in  them,  or 
may  be  one  of  the  included  sheets  exposed  by  erosion. 
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The  composition,  stratigraphic  relations,  and  general  appearance 
of  the  older  or  cemented  breccia  suggest  that  it  is  probably  a  time 
equivalent  of  the  Greggs  breccia.  The  gravels  above  it  form  the 
Temple  Bar  conglomerate,  which  derives  its  name  from  this  locahty. 
The  younger  or  Chemehuevis  gravel  is  also  present  at  Temple  Bar, 
but  is  not  conspicuous. 

VIRGIN   VALLEY. 

Between  Temple  Bar  and  Boulder  Canyon,  a  distance  of  about  12 
miles,  Colorado  River  crosses  the  old  debris-filled  yalley  which  to  the 
south  of  the  Colorado  is  known  as  the  Detrital-Sacramento  Valley 
and  to  the  north  as  the  valley  of  the  Virgin. 

The  filling  of  this  old  valley  is  apparently  composed  of  two  distinct 
formations,  but  their  relation  was  not  satisfactorily  determined. 
The  older  one  consists  of  alternating  layers  of  sand  and  clay,  and 
contains  extensive  beds  of  gypsum.  Rock  salt  occurs  in  the  Virgin 
Valley  a  few  miles  north  of  the  Colorado,  in  beds  similar  to  those 
containing  the  gypsum.  These  salt  beds  apparently  lie  beneath  the 
gypsum,  as  shown  by  the  salt  well  near  the  mouth  of  Virgin  River, 
described  by  Gilbert.^  The  salt  well  is  a  crater-like  depression 
about  300  feet  across  and  65  feet  deep,  situated  in  the  midst  of  a 
level  gravel  plain.  It  is  not  connected  with  any  surface  drainage, 
and  is  evidently  formed  by  a  local  caving  of  the  surface  probably  due 
to  the  removal  by  solution  of  underlying  beds  of  salt.  It  is  filled 
with  salt  water  to  a  depth  of  15  to  20  feet. 

The  gypsum  and  gypsiferous  clays  are  conspicuously  exposed 
along  the  river,  where  they  are  deeply  dissected  over  a  large  area 
locally  known  as  the  badlands  of  the  Virgin.  The  presence  of  gyp- 
sum and  salt  indicates  that  this  formation  is  not  a  part  of  the  Temple 
Bar  conglomerate,  which  overUes  it  with  apparent  imconformity 
(section  Gy  fig.  5)  and  which  does  not  contain  gypsum  or  salt  in  its 
typical  exposures  so  far  as  observed.  The  relation  of  the  gypsiferous 
shales  to  the  underlying  rocks  and  to  the  overlying  conglomerates 
was  not  satisfactorily  determined.  The  stratigraphic  position,  how- 
ever, suggests  that  this  formation  may  be  a  time  equivalent  of  the 
Greggs  breccia. 

BOULDER    CANYON. 

Boulder  Canyon  is  a  sharp  gorge  cut  by  Colorado  River  through 
the  Black  Mountain  Range.  It  is  about  5  miles  long  and  2,000  feet 
or  more  in  depth,  the  walls  rising  steeply  from  the  water's  edge. 
The  rocks  exposed  in  the  canyon  are  syenite,  gneiss,  rhyolite,  and 
basalt.  The  basalts  and  their  associated  gravel  deposits  near  the 
entrance  to  the  canyon  are  faulted  and  tilted  to  some  extent,  and 
faults  and  open  fissures  occur  in  the  canyon  walls. 
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Boulder  Canyon  is  apparently  younger  than  Vii^n  Canyon.  The 
walb  are  but  slightly  eroded  by  lateral  washes,  although  the  open 
fissures  and  shattered  condition  of  the  rock  in  many  places  are 
favorable  to  the  development  of  such;  none  were  observed  containing 
beds  of  the  Temple  Bar  conglomerate,  as  is  the  case  in  Virgin  Canyon. 

LAS    VEOA8    WASH. 

West  of  Boulder  Canyon,  and  extending  southward  to  the  head 
of  Black  Canyon,  the  river  flows  through  a  d6bris-filled  basm  in 
which  Colville  and 
Las  Vegas  washes 
join  the  river  from 
the  north  and  west. 
Detrital  beds  re- 
sembling the  Tem- 
ple Bar  conglomer- 
ate and  containing 
sheets  of  lava  are 
capped  by  a  thick 
lava  sheet  in  Forti- 
fication Hill  at  an 
altitude  of  3,500 
feet,  or  nearly  2,500 
feet  above  the  river 
(section  /,  fig.  6). 
The  gravels  are  well 
stratified  and  are 
faulted  and  tilted 
in  places. 

BLACK  CANTON. 

A  few  miles  south 
of  Fortification  Hill 
the  river  leaves  the  detrital  basin  and  enters  Black  Canyon,  a  deep, 
narrow  rock  goi^e  about  18  miles  long.  Tlie  walls  rise  steeply  from 
the  water's  edge  (see  PI.  VIII,  B),  and  are  composed  to  some  extent 
of  coarse  crj'stalline  rock,  but  mainly  of  massive  rhyolite  (section  J, 
fig.  6).  Black  Canyon  is  very  similar  to  Boulder  Canyon  in  its 
general  youthful  appearance  and  in  the  absence  of  notable  tribu- 
tary washes  and  remnants  of  gravel  beds. 

COTTONWOOD   VALLEY. 

A  few  miles  north  of  Eldorado  Ferr>'  the  river  emei^es  abruptly 
from  Black  Cwiyon  into  a  broad  open  basin,  the  central  part  of 
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wlucli  13  known  as  the  Cottonwood  Valley  The  basin  is  about  30 
miles  long  and  extends  laterally  from  the  Dead  Mountains  on  the 
west  to  the  Black  Mountain  Range  on  the  east      At  the  northern 


end  of  the  basin  gypsum-bearing  beds  similar  to  those  near  the 
mouth  of  the  Virgin  occur  with  an  observed  thickness  of  several 
hundred  feet. 
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Near  Round  Island  partly  consolidated  gravel  beds  similar  in 
general  appearance  to  the  Temple  Bar  conglomerate  and  intersected 
by  basalt  dikes  (see  section  K,  fig.*  6)  occur  above  ande>sitic  lavas. 
The  gravels  are  well  stratified,  tilted  steeply  to  the  east,  and  exten- 
sively eroded.  Horizontally  bedded  Chemehuevis  gravel  lies  in 
depressions  eroded  in  older  upturned  beds  which  in  turn  are  younger 
than  the  andesites.  For  these  reasons  the  older  gravels  are  pro- 
visionally correlated  with  the  Temple  Bar  conglomerate. 

The  Cottonwood  Valley  is  the  northernmost  of  a  series  of  large 
basins  which  extend  thence  southward  to  the  Gulf  of  California. 
The  flood  plain  in  the  center  of  the  valley  is  terminated  laterally 
by  bluffs  of  the  Chemehuevis  gravel.  Between  these  bluffs  and  the 
mountains  on  either  side  are  long  corrugated  slopes  covered  with 
angular  rock  dfibris  or  wash  from  the  highlands.  The  slopes  in  the 
Mohave  Valley  were  examined  with  more  care  than  elsewhere,  and 
are  described  in  a  following  section.     (See  pp.  41-42.) 

At  Eagle  Rock,  near  the  southern  end  of  Round  Island,  the  river 
leaves  the  flood  plain  and  flows  through  a  narrow  rock  gorge  about  a 
mile  long  and  150  feet  deep.  The  rock  is  andesite,  and  its  relation 
to  the  gravel  formations  is  shown  in  fig.  7.  The  gravel-filled  channel 
to  the  east  connects  the  Round  Island  Valley  with  the  Cottonwood 
Valley  proper.  In  other  words,  Colorado  River,  during  one  of  its 
periods  of  canyon  cutting,  described  under  '* Geologic  history^' 
(pp.  62-67),  failed  to  reexcavate  its  old  gravel-filled  channel  at  Eagle 
Rock  and  cut  a  new  channel  in  the  rock  west  of  the  old  one. 

PYRAMID   CANYON. 

South  of  the  Cottonwood  Valley  the  granite  and  gneiss  of  the 
bordering  mountains  extend  across  the  valley  of  the  Colorado,  and 
through  these  rocks  the  river  has  cut  a  canyon  about  300  feet  deep 
and  8  miles  long.  This  is  known  as  Pyramid  Canyon,  the  name 
being  derived  from  a  pyramid-shaped  rock  near  the  northern  end. 
East  of  the  canyon,  and  separated  from  it  by  a  narrow  rock  ridge 
(see  PI.  IX),  is  an  old  channel  filled  with  sand  and  gravel — Cheme- 
huevis gravel — remnants  of  which  pccur  400  feet  or  more  above  the 
river,  overlying  and  abutting  against  the  granite  and  gneiss,  as  shown 
in  PI.  Ill,  B. 

One  of  the  proposed  dam  sites  of  the  Reclamation  Service  is 
located  at  the  southern  end  of  Pyramid  Canyon,  near  Bulls  Head 
rock,  the  southern  extremity  of  the  rock  ridge.  On  account  of  the 
investigations  of  the  Reclamation  Service  in  this  vicinity  much 
exact  information  is  available.  On  this  account  the  Bulls  Head 
region  is  perhaps  the  best  locality  for  the  description  and  illustration 
of  the  late  physiographic  history  of  Colorado  River.     Unfortunately 
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the  iletailecl  maps  do  not  extend  far  enough  northwani  to  show  to 
advantage  the  relation  of  the  new  rock  channel  to  the  old  gravel-filled 
vallev,  but  its  southern  end  is  "sho^Ti  in  PI.  IX.  and  its  relations 
are  indicated  in  fig.  8.  In  PI.  X,  ^4,  a  view  of  Bulls  Head  rock  is 
presented,  shoeing  the  river  channel  to  the  left  and  the  gravel-filled 
valley  to  the  right,  as  seen  from  the  south.  At  intervals  for  several 
miles  north  of  Bulls  Head  rock  the  ridge  between  the  old  and  new 
channel  is  cut  through  by  tributary  washes,  exposing  such  sections 
of  the  Chemehuevis  gravel  as  that  shown  in  PI.  IH,  B. 

The  old  course  was  not  so  satisfactorilv  traced  to  the  south. 
As  shown  on  the  map,  it  apparently  crossed  the  present  course  of  the 
river  at  a  point  where  the  gravels  fill  a  depression  similar  to  that  at 
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boring  records.    (For  location  see  PI.  IX.) 

the  nortli,  and  connected  witli  tlie  extensive  gravel  deposits  of  the 
Moliave  Vallev  to  the  south. 

Although  the  river  occupies  a  narrow  rock  channel  in  Pyramid 
Canyon,  it  does  not  flow  upon  A  rock  bed,  as  might  be  expected. 
Borings  were  made  for  the  Reclamation  Service  in  three  localities 
across  the  river  (see  PI.  IX),  and  the  gravel  filling  was  found  to  be 
more  than  100  feet  deep.  The  probable  profiles,  as  constructed 
from  the  boring  records,  are  showTi  in  fig.  8. 

No  (ILstinctiou  can  bo  drawn  with  certainty  between  the  old  and 
new  chaiuiels  at  the  places  where  the  borings  were  made.  At  the 
northernmost  locality  (section  A-B^  fig.  8)  the  channel  at  the  left  now 
occupied  by  the  river,  in  which  the  gravels  are  about  50  feet  deep, 
is  apparently  the  new  one,  and  that  at  the  right,  more  than  100  feet 
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deep,  the  old  one:  but  in  the  absence  of  soundings  within  the  canyon 
north  of  Bulls  Head,  the  depth  of  the  new  channel  remains  in  doubt. 
Borings  100  feet  deep  in  the  older  channel  do  not  penetrate  tlirough 
the  gravels. 

A  brief  statement  of  the  physic^aphic  history  of  the  river,  as 
here  recorded,  may  give  a  clearer  understanding  of  the  phenomena 
described.  The  river  at  some  former  time  occupied  the  old  course 
to  the  east  (PI.  IX)  and  eroded  its  channel  to  a  depth  considerably 
below  the  present  river  level.  Later  the  Colorado  deposited  the 
Chemehuevis  gravel,  filling  its  valley  with  sand  and  gravel  to  a 
level  several  hundred  feet  above  the  present  bed.  When  the  river 
again  began  to  erode,  it  reexcavated  the  old  valley  throughout  the 
greater  part  of  its  course,  but  in  Pyramid  Canyon,  at  Eagle  Rock 
(described  in  the  previous  section),  and  at  other  places  farther  south 
to  be  described  in  following  sections,  it  left  its  old  course  and  cut 
rock  gorges  at  one  side. 

MOHAVE   VALLEY. 

The  Mohave  Valley  is  a  large  basin  extending  from  Bulls  Head 
southward  to  The  Needles,  a  distance  of  about  35  miles.  The  center 
of  the  basin  is  occupied  by  a  broad  flood  plain  having  an  area  of 
about  50,000  acres.  This  is  bordered  on  either  side  by  terraced 
gravel  bluffs,  from  which  long,  graded,  alluvial  slopes  extend  to  the 
bordering  mountains,  joining  the  slopes  at  altitudes  of  2,500  to  3,000 
feet. 

The  rock  masses  in  the  Mohave  Valley  were  examined  principally 
east  of  the  river.  The  rocks  of  Black  Mesa  to  the  east  are  mainly 
andesite  and  rhyolite,  resting  upon  granitic  gneiss.  Overlying  these 
older  rocks  occurs  a  formation  of  partly  consolidated  sand  and  gravel, 
which  in  composition  and  general  appearance  resembles  the  Temple 
Bar  conglomerate.  It  is  exposed  in  steep  cliffs  in  the  washes  of  the 
alluvial  slope,  and  the  strata  are  generally  nearly  horizontal.  In 
some  places,  however,  the  layers  are  faulted  and  tilted  (see  PI.  X,  B). 
These  stratified  sands  and  gravels  are  covered  ^vith  coarse  rock  debris, 
due  partly  to  wash  from  the  hills  and  partly  to  surface  concentra- 
tion of  the  coarser  material  of  the  conglomerate. 

Resting  upon  this  formation  and  occupying  spaces  eroded  in  it  is 
the  Chemehuevis  gravel,  forming  conspicuous  terraces,  three  of 
which  are  prominent  and  traceable  continuously  for  considerable 
distances;  in  some  places  five  are  distinguishable.  The  lowest  is 
about  50  feet  above  the  river,  and  is  represented  by  the  broad  shelf 
upon  which  old  Fort  Mohave  stands;  the  second  is  about  100  feet 
higher,  and  the  others  occur  at  intervals  of  50  to  100  feet. 

The  Chemehuevis  gravel  varies  considerably  in  character  from 
place  to  place  from  beds  of  large,  well-rounded  pebbles  to  those  of 
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fine  sand  and  clay.  At  the  northern  end  of  the  Mohave  Valley,  near 
Bulls  Head,  there  are  two  distinct  divisions  of  the  gravel.  (See  PI. 
Ill,  B.)  The  lower  division  consists  mainly  of  well-stratified  and 
firmly  packed  sand  and  silt ;  the  upper  of  stratified  but  very  loose 
sand  and  gravel.  The  two  divisions  appear  to  be  perfectly  conform- 
able, and  the  difTerenr^  in  chararter  is  probably  due  to  some  change 

in  the  river,  such  as 
an  increase  in  its 
carrying  power,  en- 
abling it  to  bear  the 
finer  material  away 
and  deposit  only 
the  coarser  mate- 
rial; or  to  a  change 
in  course,  bringing 
the  gravel-bearing 
current  over  what 
had  formerly  been 
a  flood  plain. 

The  gravels  in  the 
old  channel  east  of 
Pyramid  Canyon 
were  examined  with 
considerable  care 
and  found  to  consist 
i)f  limestone,  mar- 
ble, sandstone,  and 
metamorphic  and 
igneous  rocks  of 
great  variety.  Many 
of  the  Uraestone  " 
pebbles  have  beau- 
tifuUy  etched  sur- 
faces, which  Gilbert"  describes  as  "carved  with  a  network  of  ver- 
micular grooves  into  a  most  beautiful  arabesque  design,"  These 
etched  pebbles  were  observed  in  the  Chemehuevis  gravel  throughout 
the  region  described. 

THE    NEEDLES. 

South  of  the  Mohave  Valley  occurs  a  mass  of  eruptive  rock  resting 
on  the  flanks  of  the  Mohave  Mountains  {section  N,  fig.  9) ,  and  charac- 
terized by  sharp  pinnacles  of  erosion,  from  which  the  group  has  been 
called  The  Needles.  Mohave  Canyon,  about  8  miles  long,  has  been 
cut  in  this  eruptive  mass  to  a  depth  of  about  2,000  feet.  ■   In  gen- 
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cral  the  rock  walls  rise  abruptly  from  the  water's  edge,  but  in  souie 
of  the  more  open  spaces  sand  and  gravel  of  the  Chemehuevis  forma- 
tion occur  to  a  considerable  height  above  the  river. 

At  Big  Bend  4  miles  south  of  Mellen  the  river  leaves  a  compara- 
tively open  portion  of  the  canyon  and  turns  abruptlv  to  the  west 
into  a  narrow  rock  gorge  havmg  an  old  gravel  filled  channel  which 
continues  southward  in  the  normal  direction  of  the  nver  (fig    10). 


Pia.  10.— Map  I 


The  phenomena  here  are  ainiilar  to  those  just  described  from  Pyramid 
Canyon,  except  that  the  now  eoursp  is  shorler  and  the  gravel  filling 
of  the  old  one  has  been  more  nearly  eroded  away  than  in  PyraniitI 
Canyon. 

CHEMEHUEVIS   VALLEY. 

The  Chemehuevis  Valley  extends  from  The  \eedles  to  the  mouth 
of  Wilhams  River,  a  distance  of  about  25  miles,  and  is  narrower  than 
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the  other  basins  along  the  course  of  the  river.  The  Chemehuevis 
gravel,  which  derives  its  name  from  this  valley,  occurs  here  in  char- 
acteristic development,  lying  unconformably  upon  older  and  partly 
consolidated  gravels.  The  older  gravels  are  horizontally  bedded 
in  some  places  but  in  others  are  faulted  and  highly  inclined. 

The  relation  of  the  Chemehuevis  gravel  to  the  older  conglomerate 
was  noted  at  several  points  along  the  river.  In  some  places  the  older 
gravels  are  imdisturbed  beneath  the  Chemehuevis,  the  two  beit^ 
separated  by  an  unconformity  of  erosion  (section  -A, fig.  11).  In  other 
places  the  older  gravels  are  upturned,  eroded,  and  overlain  by  hori- 
zontally stratified  Chemehuevis  gravel  (section  -B,  fig.  11).     In  still 


Fio.  11.— Relations  of  gravel  fomiutiona  to  each  other  and  to  igneous  rock  In  the  Chemehaevls  Valley. 
A,  The  three  gravel  formations  horizontally  bedded  but  separated  by  unconfonnities  of  erosion;  B, 
the  older  conglomerate  tilted,  eroded,  and  overlain  by  horisiontally  bedded  younger  gravels;  C,  the 
older  gravels  tilted,  intersected  and  overlain  by  lava,  eroded,  and  again  overlain  by  horizontally 
bedded  younger  gra veils.  1,  Flood-plain  deposits;  2,  Chemehuevis  gra.\'el;  3,  Temple  Bar  (?)  con- 
glomerate; if  igneous  rocks. 

other  places  the  older  gravels  are  tilted,  intersected  by  lava,  eroded, 
and  overlain  by  the  Chemehuevis  gravel  (section  C,  fig.  11). 

The  older  gravels  apparently  overlie  rhyolite  and  andesite,  iMid  at 
one  point  a  stratum  of  rhyolitic  ash  occurs  within  them.  They  vary 
greatly  in  character  from  place  to  place  from  sandy  clay  to  a  breccia 
with  granite  bowlders  4  feet  in  diameter.  In  general  appearance 
they  resemble  the  Temple  Bar  conglomerate,  and  are  provisionally 
correlated  with  it.  This  conglomerate  is  apparently  the  one  which 
Newberr}'^*  in  the  Ives  report  referred  to  the  Tertiary. 

AUBREY   CANYON. 

Near  the  southern  end  of  the  Chemehuevis  Valley  the  granite 
of  the  bordering  moimtains  approaches  the  river,  and  at  the  mouth 
of  WilUams  River  the  Colorado  enters  a  narrow  canyon,  the  walls  of 

a  Newberr>-,  J.  S.,  Report  upon  the  Colorado  River  of  the  West  by  Lieut.  J.  C.  Ives,  pt.  3, 1861,  p.  29. 
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which  are  composed  of  granite  overlain  by  eruptive  rock  (section  0, 
fig.  9).  The  eruptives  west  of  the  canyon  were  not  examined  closely, 
but  resemble  in  general  appearance  the  rhyolite  and  andesite  to  the 
north  and  the  great  masses  of  similar  rock  composing  the  Chocolate 
Mountains  to  the  south.  The  eruptive  rock  east  of  the  river  is  the 
basalt  which  caps  the  Temple  Bar  conglomerate,  as  described  and 
illustrated  from  WilUams  Canyon  (fig.  16). 

East  of  Aubrey  Canyon,  and  exposed  in  the  bluffs  of  Wilhams 
Canyon  (see  p.  54),  is  an  old  valley  filled  to  a  depth  of  about  1,000 
feet  with  the  Temple  Bar  conglomerate  and  covered  with  800  feet 
of  basalt.  Aubrey  Canyon  is  younger  than  this  gravel -filled  valley, 
having  been  cut  through  the  basalt  sheet  covering  the  Temple  Bar 
conglomerate. 

The  rock  channel  in  Aubrey  Canyon  has  been  cut  to  a  considerable 
depth  beneath  the  present  river  level,  and  filled  with  sand  and 
gravel.  Borings  made  for  the  Reclamation  Service  near  the  head  of 
the  canyon  failed  to  reach  bed  rock  at  a  depth  of  75  feet.  In  the  open 
basins  the  river  is  building  flood  plains,  and  the  sediment  accumu- 
lated within  the  canyon  evidently  corresponds  with  that  in  the  open 
basins,  but  the  maximum  depth  of  this  most  recent  deposit  is  no- 
where indicated. 

Here,  as  elsewhere  along  Colorado  River,  there  is  abundant  evi- 
dence of  a  complex  physiographic  history.  A  broad  valley,  described 
elsewhere  as  the  Detrital-Sacramento  Valley  (see  p.  52),  was  formed 
east  of  Aubrey  Canyon  and  filled  to  a  depth  of  1,000  feet  or  more  with 
sand  and  gravel — the  Temple  Bar  conglomerate.  This  was  covered 
with  800  feet  or  more  of  basalt,  and  a  new  canyon  was  later  eroded 
west  of  the  old  one  (section  0,  fig.  9).  Still  later  this  canyon  was 
filled  with  several  hundred  feet  of  sand  and  gravel — Chemehuevis 
gravel — which  were  partly  carried  away  by  renewed  erosion  that 
cut  the  canyon  to  a  depth  lower  than  the  present  river  level.  This 
channel  was  in  turn  filled  to  its  present  condition. 

GREAT  COLORADO  VALLEY. 

The  Great  Colorado  Valley  was  examined  only  in  the  immediate 
vicinity  of  the  river  during  a  somewhat  hurried  excursion  by  boat, 
but  the  data  obtained  are  supplemented  to  some  extent  by  the 
investigations  of  the  Reclamation  Service.  The  valley  is  the  largest 
of  the  basins  through  which  Colorado  River  flows,  extending,  with 
varying  width,  from  Aubrey  Canyon  southward  to  the  Choco- 
late Mountains,  a  distance  of  about  75  miles.  The  Riverside  and 
Halfway  mountains  form  a  partial  boundary  on  the  west,  and  the 
Dome  Rock  and  other  mountains  on  the  east;  but  between  the  moim- 
tain  groups  occur  broad  grades,  such  as  the  Cactus  Plain. 
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Like  the  other  basins  described,  the  Great  Colorado  Valley  contains 
gravels  representing  three  distinct  epochs  of  accumulation.  The 
oldest,  interpreted  as  belonging  to  the  Temple  Bar  conglomerate, 
was  observed  near  the  northern  end  of  the  valley,  where  it  is  overlain 
by  lava,  as  at  Headgate  Rock.  Farther  to  the  south,  in  the  middle 
of  the  valley,  it  was  not  identified. 

The  yoimger  or  Chemehuevis  gravel  occurs  throughout  the  Great 
Colorado  Valley  in  conspicuous  terraced  bluffs.  The  beds  vary  much 
in  composition,  from  a  sandy  sUt  to  coarse  gravel,  the  finer  material 
greatly  predominating.  The  sand  is  regularly  stratified,  cross-bedded, 
and  not  distinguishable  in  physical  character  or  composition  from 
the  beds  forming  at  the  present  time  over  the  flood  plain.  The 
Chemehuevis  gravel  extends  for  an  imdetermined  distance  back  from 
the  terraced  bluffs,  and  form  corrugated  slopes  illustrated  in  fig.  12. 
The  washes  entering  at  the  sides  of  the  valley  have  steeply  graded 
floors,  often  extending  back  many  miles  toward  the  hills,  and  are  ter- 
minated laterally  by  nearly  perpendicular  walls.  These  floors  often 
join  laterally,  forming  wide  graded  slopes. 

From  the  foot  of  the  gravel  bluffs  (fig.  12)  and  extending  through- 
out the  valley  with  a  maximum  width  of  12  miles  and  a  length  of  75 
miles  are  flood  plains  building  up  by  the  deposition  of  sand  and  silt. 
Over  this  great  area  Colorado  River  is  continually  shifting  its  chan- 
nel, sometimes  gradually  by  slow  cutting  and  filling  and  sometimes 
suddenly  by  turning  through  one  of  the  numerous  abandoned 
channels. 

The  annual  floods  carry  immense  quantities  of  silt,  which  they 
spread  over  the  flood  plain,  building  it  up  with  great  rapidity.  Where 
the  caving  banks  of  the  river  expose  vertical  sections  it  was  noted 
that  the  roots  of  living  arrow  weeds  had  been  buried  to  a  depth  of  6 
feet  or  more.  In  other  words,  there  have  been  accumulations  of  silt 
6  feet  or  more  in  depth  during  the  life  of  this  shrub.  The  material 
is  well  stratified,  sometimes  with  horizontal  lamination,  but  often 
showing  a  conspicuous  oblique  lamination  similar  to  that  found  in 
the  Chemehuevis  gravel.  Much  of  the  silt  is  very  fine  and  is  held  in 
suspension  for  a  long  time.  When  deposited  in  thick  beds  it  dries 
and  cracks  in  columnar  form,  some  of  the  columns  being  2  to  3  feet 
in.  diameter  and  separated  by  cracks  several  inches  wide  and  2  feet  or 
more  deep. 

CHOCOLATE    MOUNTAINS. 

South  of  the  Great  Colorado  Valley,  for  a  distance  of  about  30 
miles,  Colorado  River  flows  in  a  canyon  or  narrgw  valley  through  the 
Chocolate  Mountains — a  name  applied  generally  to  a  complex  group 
consisting  of  the  Spire  Range,  the  Picacho  group,  the  Castle  Dome 
Mountains,  and  the  Purple  Hills. 


I. 
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The  rock  exposed  along  the  river  is  principally  effusive,  although 
granite  and  metamorphosed  sediments  occur  in  some  places.  The 
effusive  rock,  consisting  of  pink  and  white  rhyolite  in  the  form  of  ash, 
breccia,  and  flow,  extends  from  the  river  level  apparently  to  alti- 
tudes of  several  thousand  feet,  and  is  characterized  by  conspicuous 
cliffs,  erratic  forms  of  erosion,  and  rock  slopes  barren  of  vegetation. 

Physiographic  changes  similar  to  those  at  Bulls  Head  and  else- 
where were  noted  in  Chocolate  Canyon.  At  Lighthouse  Rock  the 
river  has  apparently  left  its  old  channel  and  cut  laterally  into  the 
rhyolite,  leaving  Lighthouse  Rock  standing  in  the  water.  A  boring 
in  the  channel  at  this  point  failed  to  reach  bed  rock  at  a  depth  of  80 
feet.  Farther  down  the  river,  near  Picacho,  several  borings  in  the 
river  bed  failed  to  reach  solid  rock  at  a  depth  of  100  feet. 

Probably  the  best  illustration  of  changes  in  the  course  of  the  river 
in  this  vicinity  is  to  be  found  at  the  so-called  Cacopah  dam  site  of  the 
Reclamation  Service,  near  the  southern  end  of  Chocolate  Canyon. 
At  this  point  the  Colorado  flows  close  to  the  rhyolite  hills  on  the  west, 
with  one  rock  island  standing  in  the  river  and  another  on  the  eastern 
bank.  (See  fig.  13.)  Between  these  islands  and  the  hills  to  the  east 
is  a  broad  sand  flat. 

Borings  made  at  the  various  places  indicated  in  fig.  13  show  that 
the  channel  now  occupied  by  the  river  has  been  eroded  to  a  depth  of  • 
about  100  feet,  and  later  filled  with  sediment,  while  the  ojd  channel 
to  the  east  is  deeper,  no  solid  rock  being  found  at  a  depth  of  138  feet. 

A  significant  observation  was  made  at  this  point  by  Homer  Ham- 
lin,** who  noted  that  in  one  of  the  borings  the  drill  penetrated  through 
the  rhyolite  and  entered  a  gravel  bed.  (See  fig.  13.)  The  rhyolite  is 
presumably  of  Tertiary  origin,  as  are  also  the  rhyolites  farther  north, 
more  fully  described  elsewhere  (p.  83).  It  is  possible  that  the  under- 
lying gravels  may  be  equivalent  in  age  to  some  of  the  tilted  and  con- 
solidated gravels  farther  north,  which  were  referred  by  Newberry 
to  the  Tertiary,  but  which  the  present  writer  has  provisionally 
correlated  with  the  Temple  Bar  conglomerate  and  referred  to  the 
Quaternary. 

HUALPAI  VALLEY. 

Location  and  character, — ^The  Hualpai  Valley,  about  60  miles  long 
and  25  miles  wide,  is  located  in  the  northeastern  part  of  the  region 
described.  Except  for  a  few  miles  at  the  northern  end,  it  is  an 
imdrained  basin,  in  the  lowest  part  of  which  flood  waters  gather  and 
remain  until  they  either  evaporate  or  sink  into  the  valley  filling. 
*' Red  Lake,"  thus  formed,  contains  water  for  periods  varying  from 
a  few  days  to  several  months.  At  other  times  it  is  a  broad,  barren 
mud  flat. 


a  Personal  commtmicatioii. 
49964— Bull.  352—08 i 
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The  floor  of  the  Hualpai  VaUey  is  nearly  level  at  an  altitude  of 
about  3,000  feet  and  is  met  on  either  side  by  mountain  slopes  at  high 
angles.  The  plateau  to  the  east  drains  away  from  Hualpai  Valley 
into  Colorado  River,  and  the  drainage  from  the  White  Hills  and  the 
Cerbat  Mountains  to  the  west  and  from  the  Hualpai  and  Peacock 
mountains  to  the  south  is  so  small  as  to  be  negligible.  The  only 
stream  worthy  of  note  that  enters  this  great  valley  is  Truxton  Creek, 
the  bed  of  which  is  usually  dry,  but  which  occasionally  contains  floods 
of  great  volume. 

Structure. — The  Hualpai  Valley  is  a  structural  trough  formed  by 
faulting  and  block  tilting.  The  Grand  Wash  fault,  with  a  displace- 
ment of  10,000  feet  or  more  at  the  mouth  of  Grand  Canyon,  continues 
southward  into  the  valley,  together  with  several  smaller  faults  to  the 
west.  The  general  trend  of  this  fault  zone  in  the  vicinity  of  Colorado 
River,  where  it  is  best  known,  suggests  that  it  may  extend  through 
the  Hualpai  Valley  beneath  the  detrital  accumulations  and  reappear 
in  the  fault  west  of  the  Hualpai  Mountains.  On  the  other  hand, 
extensive  displacements  by  faulting  have  taken  place  along  the  Cot- 
tonwood and  Aquarius  cliffs  (see  pp.  19-20),  and  it  is  possible  that 
these  cliffs  mark  the  southward  extension  of  the  Grand  Wash  fault. 

At  the  northern  end  of  the  valley  the  sedimentary  formations  are 
tilted  steeply  to  the  east;  along  the  eastern  flank  of  the  White  Hills 
and  Cerbat  Mountains  the  sheets  of  basalt  dip  eastward  beneath  the 
valley  floor.  The  trough  formed  by  this  downthrow  to  the  east  has 
been  filled  with  rock  debris  to  some  unknown  depth;  a  well  bored 
700  feet  deep  near  the  head  of  Hualpai  Wash  did  not  pass  through 
it.  The  material  on  the  alluvial  slopes  is  coarse,  but  in  the  center  of 
the  valley  it  is  fine  and  is  continually  shifted  by  the  winds. 

BIG  SANDY  VALLEY. 

Location  and  character, — The  Big  Sandy  Valley  is  located  between 
the  Aquarius  Cliffs  on  the  east  and  the  Hualpai  Mountains  and 
Aubrey  Hills  on  the  west,  and  extends  from  Hackberry  southward 
to  Williams  River.  The  lowest  part  of  the  valley,  known  as  Big 
Sandy  Wash,  lies  at  the  foot  of  the  cliffs  as  far  south  as  Signal,  but 
at  this  point  the  Big  wSandy  leaves  the  main  valley  and  passes  through 
Signal  Canyon.  Several  streams  of  considerable  size  emerge  from 
the  plateau  to  the  east  through  deep,  narrow  canyons  and  discharge 
into  the  Big  Sandy.  The  largest  of  these  are  White  Cliff,  Trout,  and 
Svcaniore  creeks. 

That  j)ortion  of  the  valle}^  between  the  Hualpai  Mountains  and 
Big  Sandy  Wash  consists  of  a  long,  graded  detrital  slope  (see  fig.  2, 
p.  24),  more  or  lass  deeply  cut  by  parallel  washes,  such  as  Deluge 
Wash.  This  highly  inclined  detrital  slope,  the  we.steni  fault  scarp 
of  the  Hualpai  Mountains,  and  the  fault  scarp  to  the  east  (Aquarius 
Cliffs)  all  terminate  at  the  south  in  practically  the  same  latitude. 
The  southern  end  of  the  valley,  between  the  Artillery  Mountains  and 
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the  Aubrey  Hills,  has  a  slight  inclination  to  the  east,  but  is  in  general 
an  undissected  and  undrained  detrital  plain. 

Rock  formations, — The  oldest  rocks  in  the  Big  Sandy  Valley  are 
the  granites  exposed  in  the  bordering  mountains  and  cliffs,  which, 
because  of  their  resemblance  to  the  granite  beneath  the  Cambrian 
sediments  in  the  Grand  Wash  Cliffs,  are  thought  to  be  of  pre-Cambrian 
age.     They  are  overlain  in  places  by  Tertiary  andesites. 

The  trough  formed  by  these  older  rocks  is  partly  filled  with  rock 
►debris  which  has  been  later  exposed  by  erosion.  The  oldest  detrital 
beds  have  been  upturned  and  eroded  'to  depths  of  800  feet  or  more. 
They  are  composed  of  clay,  sand,  and  gravel,  and  in  places  contain 


Fig.  14.— Sketch  section  across  Big  Sandy  Wash  near  mouth  of  Deluge  Wash,  showing  the  older  gravels 
tilted  eastward,  eroded,  and  overlain  by  younger  gravels,  and  again  eroded  and  partly  covered  by 
recent  flood-plain  deposits.    1,  Flood-plain  deposits;  2,  Temple  Bar  (?)  conglomerate;  3,  gravel. 

granite  bowlders  5  to  8  feet  in  diameter.  In  other  places,  as  at 
Deluge  Wash  (PI.  IV,  B),  they  are  composed  of  clay  and  fine,  well- 
stratified  sand  and  volcanic  ash. 

Within  the  valley  eroded  in  the  oldest  tilted  detrital  beds,  and 
resting  with  horizontal  bedding  upon  their  eroded  edges,  is  a  second 
series  of  gravel  deposits.  These  are  perhaps  best  exposed  near  the 
mouth  of  Deluge  Wash,  where  they  are  about  50  feet  thick.  This 
second  gravel  accumulation  was  in  turn  eroded  and  a  third  deposit 
laid  down.     (See  fig.  14.) 

In  general  character  and  stratigraphic  position  the  oldest  detritus 
corresponds  with  the  Temple  Bar  conglomerate,  the  middle  with  the 


Fio.  15.— Sketch  section  across  Big  Sandy  Wash  at  the  mouth  of  Trout  Creek,  showing  the  older 
gra\'els  overlying  granite,  tilted  eastward,  and  terminating  against  the  granite  of  Cottonwood 
Creek.    1,  Flood-plain  deposits;  2,  Temple  Bar  (?)  conglomerate;  4.  granite. 

Chemehuevis  (gravel,  and  the  youngest  with  the  flood-plain  deposits 
of  the  Colorado  Valley,  but  no  definite  correlation  can  be  made  at 
the  present  time. 

Structure. — The  Big  Sandy  Valley  is  a  trough  formed  by  faulting. 
The  fault  zone  along  the  Grand  Wash  and  Cottonwood  cliffs  continues 
southward  to  the  Aquarius  Mountains.  Recent  movement  along  this 
zone  is  indicated  by  the  displacement  of  portions  of  the  andesite  sheet 
at  the  northern  end  of  the  valley  and  by  the  faulted  and  tilted  gravel 
beds  near  the  mouth  of  Trout  Creek  (fig.  15),  where  the  strata  inclhie 
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32°  to  the  east  and  end  abrubtly  against  the  granite  at  the  fault  line. 
This  evidence  of  faulting,  considered  in  connection  with  the  faulting 
and  block  tilting  in  the  Ilualpai  Mountains,  indicates  that  the  Big 
Sandy  Valley  was  formed  by  a  downthrow  of  the  eastern  edge  of  the 
Hualpai  block.     (See  fig.  2  and  section  S-S%  PI.  V,  p.  24.) 

SIGNAL  CANYON. 

At  the  town  of  Signal  the  Big  Sandy  leaves  the  debris-filled  trough 
and  passes  through  a  rock  gorge  known  as  Signal  Canyon.  The  rocks, 
exposed  are  coarse-grained  granites  in  the  northern  part  of  the  canyon 
and  andesites  in  the  southern  part.  These  rocks  had  been  deeply 
dissected  previous  to  the  accumulation  of  the  older  detrital  beds 
(just  described)  which  later  filled  the  old  valleys  and  were  in  turn 
buried  beneath  effusive  rock.  Later,  during  the  erosion  of  Signal 
Canyon,  these  old  valleys  were  reexcavated  in  part,  leaving  on  the 
mountain  sides  conspicuous  shelves  of  lavar-covered  detritus.  (See 
PI.  Ill,  A.) 

The  broad,  debris-filled  trough  here  called  the  Big  Sandy  VaHey 
continues  southward  west  of  the  Artillery  Mountains  to  Williams 
Canyon,  where  the  detritus  is  seen  to  extend  lower  than  the  bed  of 
Williams  River. 

DETRITAL-SACRAMENTO  VALLEY. 

Location  and  character. — The  Detrital-Sacramento  Valley  extends 
from  Colorado  River  on  the  north  to  Williams  River  on  the  south, 
between  the  Cerbat  and  Hualpai  mountains  to  the  east  and  the  Black 
Mountain  Range  to  the  west.  Thus  defined  it  is  about  130  miles  long 
and  5  to  15  miles  wide.  The  northern  part  of  the  valley,  drained  by 
Detrital  Wash,  is  locally  known  as  the  Detrital  Valley,  and  the  cen- 
tral part  as  the  Sacramento  Valley.  (See  PI.  XI.)  The  southern 
part  bears  no  name,  but  since  it  is  the  southern  continuation  of  the 
Sacramento  Valley,  the  whole  is  here  called  the  Detrital-Sacramento 
Valley. 

The  valley  was  apparently  formed  mainly  by  erosion,  although  its 
fornr  has  been  modified  by  crustal  movements;  such  is  notably  the 
case  west  of  Chloride,  where  sheets  of  basalt,  outpoured  within  the 
valley,  have  been  tilted  eastward.  The  andesites  and  rhyolites  on 
either  side*,  from  the  southern  end  of  Black  Mesa  northward  to  Colo- 
rado River,  are  similar  in  character  and  occur  at  about  the  same  level. 
They  are  j)r()l)ably  remnants  of  a  single  effusive  mass  through  which 
the  Detrital-Sacramento  Valley  was  eroded. 

The  depth  to  which  this  valley  was  cut  is  not  definitely  known. 
At  the  northern  end  it  was  deeper  than  the  present  Colorado  Valley 
(altitude  800  feet),  and  in  Williams  Canyon  (altitude  505  feet)  it 
extends  beneath  the  bed  of  the  river.     The  maximum  depth  between 
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these  extremities  is  not  known.  At  Yuc^.a  (altitude  1,804  feet)  the 
bottom  of  the  gravels  was  reached  in  a  well  at  a  depth  of  905  feet, 
or  at  an  altitude  of  about  900  feet  above  sea  level.  The  general  alti- 
tude of  Black  Mesa,  a  few  miles  west  of  Yucca,  and  of  the  mesa  east 
of  the  valley  near  Kingman,  is  about  3,500  feet.  Assuming  that  the 
mesas  are  renmants  of  the  surface  which  formerly  extended  across 
the  Detrital-Sacramento  Valley,  the  known  depth  of  erosion  at  Yucca 
is  about  2,500  feet.  Since  the  valley  is  known  to  be  deeper  than  this 
at  both  the  northern  and  southern  ends,  it  is  probable  that  the  well 
at  Yucca  does  not  penetrate  the  filling  at  the  deepest  point  and  that 
the  depth  of  the  old  valley  is  greater  than  2,500  feet. 

DetritalfUing. — The  Temple  Bar  conglomerate  filling  this  ancient 
valley  is  exposed  at  the  north  in  the  banks  of  Colorado  River  (PI.  II) 
and  at  the  south  in  Williams  Canyon  (PI.  VI,  B).  It  is  composed  of 
horizontally  bedded  sand,  gravel,  and  wash,  and  contains  sheets  of 
basalt  at  several  horizons.  The  composition  of  the  filling  at  the 
extremities  of  the  valley  is  described  under  ** Temple  Bar'*  (p.  35), 
and  under  **  Williams  Valley '*  (p.  54),  and  need  not  be  repeated  here. 
Where  exposed  in  the  washes  throughout  the  valley  and  penetrated 
by  wells  the  material  does  not  differ  greatly  in  character.  Hori- 
zontally bedded  sand  and  gravel  containing  sheets  of  basalt  and 
having  the  same  general  appearance  as  the  beds  at  Temple  Bar  and 
in  Williams  Canyon  were  observed  within  the  valley  up  to  altitudes  of 
2,500  feet  or  more,  and  sheets  of  basalt  within  the  detrital  beds 
were  penetrated  in  the  well  at  Drake.  For  these  reasons  the  detrital 
filling  is  correlated  with  the  Temple  Bar  conglomerate. 

Considerable  erosion  has  taken  place  within  the  Detrital-Sacra- 
mento Valley  since  the  filling  was  completed.  Sacramento  Wash  is 
1,000  feet  or  more  lower  than  the  valley  floor  farther  north.  This 
difference  in  elevation  is  probably  due  in  part  to  surface  warping,  but 
is  regarded  as  due  mainly  to  erosion. 

In  general  the  sands  and  gravels  of  the  Detrital-Sacramento  Valley 
are  covered  with  angular  rock  debris,  consisting  in  part  of  fragments 
of  basalt,  andesite,  rhyolite,  and  granite,  working  their  way  over  the 
surface  as  wash  from  the  hills,  and  in  part  of  the  coarser  material 
originally  deposited  with  the  sand  and  gravel  and  accumulated 
by  surface  concentration  during  the  later  degradation  as  the  finer 
material  was  washed  away  by  the  rains  or  bl()^\'n  away  by  the  winds. 

WILLIAMS  VALLEY. 

Location  and  character, — ^Williams  River,  formerly  knowTi  as  Bill 
Williams  Fork,  is  formed  by  the  junction  of  two  streams  (Big  Sandy 
Wash  and  Rio  Santa  Maria)  and  extends  from  this  junction  westward 
to  Colorado  River.  The  south  fork,  or  Rio  Santa  Maria,  emerges 
through  a  narrow  canyon  from  the  plateau  to  the  east  upon  a  broad 
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detrital  plain,  into  which  it  has  cut  a  canyon  several  hundretl  feet 
deep.  At  the  point  where  tlie  river  crosses  the  direct  southward  con- 
^  tinuation  of  the  Big  Sandy  Valley  the  canyon  has 

\;!  ^      =       been  broadened    to  a   basin  several  niiles  wide. 
^       About  12  miles  east  of  Planet  this  basin  narrows 

I  g  to  a  gorge  about  8  miles  long,  known  as  Williams 
a  8  Canyon.  The  southern  wall  continues  westward 
If    to  Colorado  River,  but  the  northern  wall  is  broken 

I I  down  weat  of  Planet. 

§1  Although  Williams  River  crosses  the  Temple 
1 1    Bar  conglomerate,  iUling  the  Detrital-Sacramento 

j    s  I    Valley,  it  has  not  excavated  a  broad  basin  in  it, 
as  it  has  in  the  gravels  filling  the  Big  Sandy  \'al- 
tlie  difference    being  due    to  the  protection 
afforded  the  conglomerate  by  the  sheets  of  basalt. 
Rock  formations. — The  oldest  rock  masses  ex- 
^1    posed  in  Williams  Canyon  are  gneisses  and   met- 
amorphosed   sediments   consisting  of  quartzites, 
slates,  and  limestones  associated  with  beds  of  iron 
ore  and  veins  of  copper.     Within  valleys  eroded 
in  these  rocks  occur  beds  of  the  Temple  Bar  con- 
glomerate.     In  the   Detrital-Sacramento  Valley, 
which  crosses  the  Williams  Valley,  a  thickness  of 
nearly  1 ,000  feet  is  exposed  under  a  slieet  of  basalt 
800  feet  thick.     (See  fig.  16.)     The  lowest  part  of 
'i  "=    the  detritus  extends  beneath  the  bed  of  Williams 
J  .a    River,  but  the   underlying  gneiss  and  granite  are 
tf  I    exposed  at  the  sides  of  the  old  valley.     The  hori- 
"Z  =    zontally    bedded    sand    and    gravel    have    been 
%  ,    <Usturbed  locally,  probably  l>y  the  eruption  of  the 
%  g    basalt  which  burst  upward  through  them. 
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■e  flow  of  liaflal  t 800 

Alternating  layers  of  sand  anJ  basalt 40 

Saml  and  gravel  intersected  by  liaaalt  dikes 900 

Granite  gneiss 50 

Between  the  gravels  and  the  massive  flow  of 
basalt  at  the  top  is  a  transition  zone  40  feet  in 
thickness,  containing  at  the  point  where  the  sec- 
tion was  made  (PI.  VI,  B)  five  tliin  sheets  of  basalt 
separated  by  beds  of  sand.  Each  sheet  of  basalt  was  outpoured 
upon  what  was  then  the  surface,  and  each  in  turn  was  covere<l  by 
sand.     The  sand  is  metamorphosed  for  a  few  inches  beneath  each 
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sheet  and  contains  fragments  of  scoriaceous  basalt  immediately  above 
each  sheet.  The  basalt  extends  completely  across  the  old  debris- 
filled  valley  to  the  rock  walls  on  either  side. 

That  the  basalt  burst  upward  through  the  sands  and  gravels  in  the 
midst  of  the  old  filled  valley  is  proved  by  the  occurrence  of  a  large  dike 
or  neck,  about  400  feet  wide  and  several  thousand  feet  long,  exposed 
in  the  Williams  Valley  near  the  point  where  the  section  was  made. 
The  stratified  deposits  through  which  this  dike  broke  are  disturbed  and 
burned  to  a  brick  red  for  about  300  feet  from  the  dike.  Several 
smaller  dikes  occur  in  the  vicinity,  and  some  of  the  eruptive  masses  to 
the  north,  seen  only  from  a  distance,  appear  to  be  volcanic  necks 
standing  as  sharp  pinnacles  several  hundred  feet  above  the  level  of  the 
surrounding  plain. 

OTHER  VALLEYS. 

Location  and  character. — There  are  several  intermontane  plains 
south  of  Williams  River,  known  as  the  Cactus,  Posas,  and  Ranegras 
plains,  McMullan  Valley,  and  an  extensive  unnamed  plain  south  of  the 
Harquahala  Moimtains.  These  are  parts  of  the  great  desert  plains  of 
southwestern  Arizona.  They  are,  in  part  at  least,  old  debris-filled  val- 
leys similar  to  those  just  described,  but  their  original  depth  and  the 
character  of  the  filling  can  be  judged  only  by  surface  indications. 
These  plains  have  a  general  altitude  of  about  2,000  feet  in  the  eastern 
half  of  the  area  described,  and  decline  gradually  westward  to  Colorado 
River  (altitude  345  feet). 

DetrUal  filling, — Near  Williams  River  the  Cactus  Plains  have  been 
somewhat  dissected  by  erosion;  detrital  bluffs  500  feet  or  more  in 
height  occur,  while  the  total  depth  of  erosion  into  the  detritus  (the 
difference  between  the  general  surface  altitude  of  2,000  feet  and  the 
river  elevation  of  600  feet)  is  about  1,400  feet.  The  bluffs  thus  ex- 
posed are  composed  of  clay,  sand,  gravel,  and  angular  rock  fragments, 
consisting  of  granites,  andesites,  etc.,  with  sheets  of  embedded  basalt. 
Near  the  mouth  of  Date  Creek  a  sheet  of  basalt  about  30  feet  tliick 
caps  the  bluffs,  but  passes  into  the  detrital  beds  a  short  distance  ])ack 
from  the  face  of  the  cliffs.  West  of  Date  Creek  two  basalt  sheets  occur 
in  the  detrital  beds.  The  lava  was  outpoured  upon  an  old  surface  and 
metamorphosed  the  material  beneath  it  to  some  extent.  At  the  sur- 
face of  each  of  the  lava  sheets  the  cavities  contain  zeolites,  and  the 
overlying  sands  contain  fragments  of  the  basalt,  indicating  that  the 
gravels  and  the  lavas  are  contemporaneous. 

The  detrital  material  exposed  in  the  bluffs  is  comparable  in  tliick- 
ness  and  has  the  same  general  appearance  as  the  oldest  detritus  in  the 
Big  Sandy  Valley  and  the  Temple  Bar  conglomerate  of  the  Detrital- 
Sacramento  Valley.     The  basalt  sheets  embedded  in  it  have  the  same 
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petrographic  character  as  those  contained  in  the  Temple  Bar  con- 
glomerate (see  p.  17)  and  were  supposedly  erupted  at  about  the  same 
time.  For  these  reasons  the  detrital  filling  is  correlated  tentatively 
with  the  Temple  Bar  conglomerate. 

GEOIiOGIC  HISTORY. 

INTRODUCTORY  STATEMENTS. 

It  is  desirable  to  consider  at  this  point  the  geologic  history  of  the 
region — to  review  the  facts  that  have  been  presented  and  to  emphasize 
their  significance.  Certain  considerations  which  depend  upon  the 
interrelations  of  features  at  various  locaUties  are  also  presented  with- 
out reference  to  former  descriptions.  The  reader  should  be  reminded 
again  that  the  observations  were  made  during  rapid  reconnaissance 
trips  and  that  large  intervening  areas  were  not  examined.  With  the 
exception  of  the  Paleozoic  formations  of  the  Plateau  region,  none  of 
the  sediments  of  northwestern  Arizona  are  fossiUferous  so  far  as  ob- 
serv^ed,  and  the  younger  formations  can  not  be  traced  continuously 
from  place  to  place.  The  history  of  the  region  is  largely  one  of  de- 
structive processes,  and  the  ordinary  means  of  cx)rrelation  are  wanting. 
For  these  reasons,  although  the  sequence  of  the  events  is  apparently 
clear,  their  places  in  the  geologic  time  scale  can  not  now  be  definitely 
fixed.  The  observed  facts  show  that  the  late  geologic  history  of  the 
region  is  separable  into  epochs  comparable  with  those  established  in 
neighboring  regi(ms,  but  in  the  absence  of  adequate  correlation  data 
the  intention  is  to  emphasize  the  sequence  of  events,  the  provisional 
correlations  being  offered  only  as  a  working  basis. 

PRE-CAMBRIAN  CONDITIONS. 

ChrystaUine  rocks, — Throughout  northwestern  Arizona  the  oldest 
rocks  are  coarsely  crystalline  granites  and  gneisses.  In  the  plateau 
to  the  east  the  granites  underlie  the  Cambrian  sandstone  and  are  inter- 
sected by  less  coarsely  crystalline  intrusives. 

Sedimentation, — The  pre-Cambrian  sediments  so  extensively  devel- 
oped in  the  Grand  Canyon  region  apparently  once  extended  over  west- 
ern Arizona,  and  remnants  of  them  remain  at  the  northern  end  of  the 
region  near  Virgin  Canyon  and  from  Williams  River  southward  in  the 
southern  part  of  the  area  examined. 

Base-lei^eling. — Previous  to  the  deposition  of  the  Cambrian  sedi- 
ments there  was  a  long  period  of  erosion  during  wliich  such  sediments 
as  may  have  been  deposited  in  the  eastern  part  of  the  region  were  re- 
moved by  erosion  and  the  underlying  granites  were  base-leveled.  The 
line  reprcijenting  tliis  base-level  may  be  followed  in  the  cliffs  from 
Grand  Canyon  to  the  southern  end  of  the  Juniper  Mountains. 
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PALEOZOIC  AND  MESOZOIC  CONDITIONS. 

But  little  can  be  said  of  the  history  of  tliis  region  during  Paleozoic 
and  Mesozoic  time.  Cambrian  sediments,  consisting  of  sandstone 
and  shale  (Tonto  formation),  underlie  the  plateau,  and  were  prob- 
ably deposited  over  a  large  part  of  western  Arizona.  No  Ordovician 
or  Silurian  formations  have  been  discovered,  and  the  Devonian  of 
Grand  Canyon,  described  by  Walcott,**  was  not  identified  in  the  area 
examined.  The  Carboniferous  is  represented  by  the  Redwall  lime- 
stone, which  extends  from  the  Mississippian  into  the  Pennsylvanian, 
as  previously  shown  in  the  description  of  rock  formations  (pp.  15-16). 
There  is  a  limited  exposure  of  Carboniferous  strata  younger  than  the 
Redwall  in  Iceberg  Canyon,  and  Mesozoic  formations  occur  east  of  the 
rim  of  the  plateau  in  a  maimer  which  suggests  the  probability  that 
they  originally  extended  westward  over  the  region  described.  So  far 
as  known,  however,  no  remnants  of  any  of  these  formations  remain 
west  of  the  cliffs. 

Little  is  known  regarding  the  original  extent  of  the  older  sedimen- 
tary formations  in  western  Arizona  or  of  the  circumstances  attend- 
ing their  removal.  Probably  some  of  the  erosion  occurred  during 
the  Cretaceous  period,  as  suggested  by  Gilbert,''  but  nothing  was 
found  to  indicate  what  proportion  of  it  was  accomplished  in  pre-Ter- 
tiary  and  what  in  early  Tertiary  time. 

TERTIARY    EVENTS. 

Explanatory  statement, — No  great  amount  of  sediment  was  depos- 
ited within  the  area  described  during  Tertiary  time.  The  period  was 
apparently  one  of  uplift,  volcanic  activity,  and  extensive  erosion,  but 
it  is  not  Imown  whether  the  uplift  began  with  the  Tertiary  or  before, 
nor  can  the  Tertiary  be  confidently  separated  from  the  Quaternary'. 
The  sequence  of  events,  based  upon  physiographic  evidence,  can  be 
stated  with  some  confidence,  but  the  various  epochs  can  not  be  confi- 
dently referred  to  established  subdivisions  of  time. 

Demtdation. — The  erosion  which  removed  the  older  sedimentary 
formations  from  western  Arizona  during  early  Tertiary  and  j)re- 
Tertiary  time  was  evidently  on  an  extensive  scale.  Whatever  Paleo- 
zoic and  Mesozoic  sediments  had  been  deposited  were  stripped  off 
and  the  imderlying  granites  deeply  dissc^cted  pre\'ious  to  the  erup- 
tion of  the  oldest  effusives.  The  Eocene  sediments  extensively  devel- 
oped  farther  north  in  parts  of  the  plateau  regi<m  are  apparently  absent 
from  western  Arizona,  and  the  extensive  denudati<m  may  have  been 
accomplished  in  large  part  during  Eocene  time. 

a  Walcott,  C.  D.,  Am.  Jour.  Sol.,  34  snr.,  vol.  20,  IXW),  pp.  221-225. 
*Oilbert,  <;.  K.,  U.  8.  Oeog.  Surv.  W.  100th  Uor.,  vol.  3,  1H75.  pt.  1,  p.  134. 
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Eruption  oj  ande»ite. — The  oldest  effusive  rock  thus  far  found  in 
western  Arizona  is  the  andesite  in  the  vicinity  of  Gold  Roads,  a  min- 
ing camp  on  Black  Mesa,  west  of  Kingman.  The  andesite  rests  upon 
granite  and  underlies  an  extensive  series  of  rhyolites  and  yoimger 
andesites,  but  no  further  evidence  of  its  age  was  obtained.  It  may 
be  a  time  equivalent  of  the  great  masses  of  andesite  comprising  the 
Pine  Valley  Mountains  and  resting  upon  the  Eocene  sediments  in  the 
southwestern  part  of  Utah.  These  masses,  according  to  Himtington 
and  Goldthwaite,^  were  probably  extruded  at  the  close  of  the  Eocene. 
The  provisional  reference  of  the  Arizona  andesite  to  the  close  of  the 
Eocene  is  based  on  the  fact  that,  in  the  general  sequence  of  events 
here  described,  its  extrusion  occurred  between  the  period  of  eariy 
Tertiary  erosion  and  the  long  period  of  base-leveling,  during  which 
part  of  the  Mohave  peneplain  was  formed.     (See  p.  59.) 

Crustal  movements  and  erosion. — Either  during  or  shortly  after  the 
extrusion  of  the  older  andesites  further  upUft  apparently  occurred  in 
western  Arizona,  followed  by  renewed  erosion,  which  carried  away 
much  of  the  andesite  and  again  exposed  the  granite.  The  Paleozoic 
sediments  that  formerly  extended  much  farther  to  the  west  were 
eroded  away  at  about  the  same  time  and  the  region  reduced  to  a 
peneplain,  parts  of  which  are  still  preserved  in  the  Truxton  Plateau 
and  in  the  plateau  lying  south  of  Iceberg  Canyon,  in  which  soft  and 
hard  layers  ahke  are  tnmcated.  This  may  prove  to  be  a  part  of  the 
Mohave  peneplain  in  southwestern  Utah,  which  in  the  opinion  of 
Huntington  and  Goldthwaite^  was  formed  after  the  period  of  folding 
of  the  early  Miocene.^ 

Certain  phenomena  described  by  Spurr,^  from  Meadow  Valley  Can- 
y-on,  a  tributary  of  Virgin  River  in  southern  Nevada,  strengthen  this 
supposition.  He  describes  a  succession  of  rocks  very  similar  to  those 
found  in  northwestern  Arizona.  Extensive  beds  of  rhyohte  rest  on 
an  eroded  surface  of  older  rocks  and  are  overlain  by  extensive  depos- 
its of  conglomerate  and  soft  sandstone  which  he  refers  with  a  query 
to  the  Pliocene,  and  these  in  turn  are  overlain  by  basalt  and  Pleisto- 
cene gravel.  His  description  of  the  Pliocene  (?)  conglomerate  and 
its  position  in  the  sections  given  indicate  that  it  is  probably  equivalent 
to  the  Temple  Bar  conglomerate,  wliich  is  here  regarded  as  Pleisto- 
cene. Fig.  16  of  Spurr's  paper  shows  faulted  Paleozoic  sediments 
peneplaned  and  overlain  by  the  conglomerate.  This  faulting  may 
prove  to  be  part  of  the  early  faulting  of  the  Plateau  region,  and  the 
penej)lain  l)eneath  the  conglomerate  to  be  part  of  the  Mohave  pene- 
plain, in  wliich  case  the  relations  in  Meadow  Valley  Wash  would 

a  Himtington,  Ellsworth,  and  Goldthwaite,  J.^W.,  The  Hurricane  fault  In  the  ToquervlUo  district, 
Utah:   Bull.  Mus.  Coinp.  Zool.  Harvard  Coll..  voL  42, 1904,  p.  217. 

*>  Idem,  p.  220. 

'■  Idem.  p.  222. 

'^Spurr,  .1.  E..  Descriptive  geology  of  Nevada  south  of  the  fortieth  parallel  and  adjacent  portions  of 
Califomia:  Bull.  V.  S.  (Jeol.  Survey  No.  208,  1903.  pp.  139-148. 
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correspond  with  those  found  in  the  Plateau  region  and  would  form 
another  Unk  in  the  chain  of  evidence  that  the  pre-Quatemary  course 
of  Colorado  River  was  through  southern  Nevada,  to  the  north  of  the 
present  canyon. 

.  Eruption  of  rhyolite  and  younger  andeaite. — ^After  the  formation  of 
the  peneplain,  extensive  masses  of  rhyoUte  and  andesite,  in  the  form 
of  tuff,  breccia,  and  flow,  were  spread  over  its  surface,  filling  the 
depressions  and  covering  all  but  the  higher  parts  of  the  land  surface. 
Although  largely  removed  by  later  erosion,  these  lavas  still  cover 
wide  areas,  such  as  Black  Mesa,  a  large  part  of  the  Truxton  Plateau, 
and  the  mesa  in  the  vicinity  of  Kingman.  These  lavas  occur  also  to 
the  east  beyond  the  area  described,  and  far  to  the  south,  where  they 
form  Castle  Dome  and  the  Chocolate  Mountains  in  southwestern 
Arizona. 

In  places  where  the  rhyoUtes  and  yoimger  andesites  occur  in  more 
or  less  regular  horizontal  beds,  as  near  Kingman  and  in  Black  Mesa, 
they  have  a  maximum  thickness  of  about  3,000  feet.  In  more  moun- 
tainous regions,  as  at  the  southern  end  of  the  Aquarius  Mountains, 
they  are  apparently  thicker.  In  other  places,  notably  in  the  Truxton 
Plateau,  they  thin  and  disappear.  The  thickness  of  the  rhyolites 
and  younger  andesites,  and  their  areal  distribution,  indicate  that 
they  originally  covered  a  large  part  of  northwestern  Arizona. 

The  time  at  which  these  great  masses  of  igneous  rock  were  extruded 
is  not  definitely  known.  It  was  after  the  Mohave  peneplain  had  been 
formed,  at  least  iji  large  part,  for  the  lavas  rest  upon  the  eroded  sur- 
face. Furthermore,  the  amoimt  of  erosion  which  followed  the  extru- 
sion of  these  lavas  places  this  event  far  back  in  the  Tertiary.  For 
these  reasons,  and  because  of  the  evidence  that  the  close  of  the  Mio- 
cene was  a  time  of  mountain  forming  and  of  great  volcanic  disturb- 
ance in  the  Great  Basin  and  the  moimtains  west  of  it,  the  extrusions 
of  rhyohtes  and  yoimger  andesites  may  be  provisionally  referred  to 
the  close  of  the  Miocene. 

Formation  of  the  Grand  Wa^sh  Trough. — Sometime  during  the  mid- 
dle Tertiary,  and  apparently  before  the  completion  of  the  Mohave 
peneplain,  the  Grand  Wash  fault  was  formed,  with  a  displacement  of 
severaLthousand  feet,  giving  rise  to  the  Grand  Wash  Trough.  This 
faulting  probably  corresi)onds  to  the  early  displacements  of  the  Hur- 
ricane and  other  faults  described  by  Huntington  and  Goldthwaite," 
and  should  not  be  confused  with  the  faulting  wliich  accompanied  the 
later  upUf  t  of  the  plateau. 

Deposition  of  the  Greggs  breccia, — At  tlie  north  end  of  the  region 
described  local  deposition  followed  the  extrusion  of  the  rhyolites  and 
younger  andesites.  These  sediments  in  the  vicinity  of  Temple  Bar 
lie  unconformably  beneath  the  Temple  Bar  conglomerate  and  consist 

a  Huntington,  Ellsworth,  and  Goldthwaitv,  J.  W.,  op.  dt.,  p.  22ii. 
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mainly  of  angular  fragments  of  rhyolite,  but  otherwise  are  similar  in 
character  and  stratigraphic  position  to  the  Greggs  breccia,  which,  as 
already  stated,  consists  mainly  of  granitic  debris.  Both  breccias 
antedate  the  present  course  of  Colorado  River,  which  has  eroded  into 
them.  This  correlation  would  tend  to  place  the  Greggs  breccia  in 
the  Pliocene.  On  the  other  hand,  the  physiographic  evidence  does  not 
seem  to  favor  this  correlation.  The  rhyolites,  supposed  to  have  been 
erupted  at  the  close  of  the  Miocene,  rest  upon  the  peneplain,  a  fact 
which  tends  to  place  the  breccia  in  the  Miocene.  It  is  evident,  there- 
fore, that  the  determination  of  the  age  of  the  Greggs  breccia  must 
await  further  investigation. 

Erosion  oj  the  Detrital^Sdcramenk)  Valley. — ^A  long  period  of  erosion 
apparently  followed  the  rhyoUtic  eruptions  and  succeeding  accumu- 
lation of  breccia,  during  which  the  Detrital-Sacramento  Valley  was 
excavated.  Measured  from  the  original  surface  now  represented  by 
the  mesas  on  either  side,  this  valley  is  5  to  15  miles  wide  and  3,000 
feet  deep,  including  the  gravel  filling.  It  extends  from  southern 
Nevada  southward  to  Williams  River,  where  it  is  apparently  inter- 
rupted by  a  lava-covered  plateau,  but  its  real  continuity  is  shown  by 
the  gravel-filling  beneath  the  lava  (fig.  16,  p.  54).  From  the  plateau 
southward  it  is  occupied  by  Colorado  River  for  a  distance  of  75  miles, 
in  the  basin  known  as  the  Great  Colorado  Valley.  Owing  to  circum- 
stances beyond  the  writer's  control,  the  old  valley  was  not  traced 
south  of  this  basin.  It  may  be  pointed  out,  however,  that  at  the 
southern  end  of  the  basin  the  river  turns  abruptly  to  the  east  and 
passes  in  a  narrow  rock  canyon  through  the  Chocolate  Moimtains. 
The  general  trend  of  the  old  valley  suggests  that  it  may  continue 
through  the  hills  west  of  Chocolate  Canyon,  or  perhaps  beneath  the 
lavas,  and  connect  with  the  Gulf  of  Calfomia  (including  at  that  time 
the  Salton  wSink),  which  Ues  southwest  of  the  Chocolate  Moimtains. 

The  origin  of  the  Detrital-Sacramento  Valley,  although  a  matter 
of  great  interest,  can  not  be  fully  described  imtil  more  information 
is  available.  It  is  in  a  region  of  profound  faulting  and  8iu*face  warp- 
ing, and  may  have  originated  as  a  succession  of  depressed  areas. 
But  whatever  its  origin  it  is  believed  to  have  been  occupied  and 
greatly  modified,  if  not  wholly  formed,  by  a  stream  of  considerable 
size.     The  reasons  for  this  belief  are  as  follows: 

The  beds  of  volcanic  tuff,  breccia,  and  flow  in  the  mesas  on  either 
side  are  composed  of  the  same  kinds  of  rock  and  are  so  disposed  as 
to  indicate  that  they  may  originally  have  been  connected  across  the 
intervening  space.  The  width  of  the  valley,  5  to  30  miles,  as  com- 
pared with  its  length,  about  375  miles  (including  the  Great  Colorado 
Valley),  together  with  its  somewhat  sinuous  course,  accords  more 
nearly  with  the  conception  of  a  moderately  mature  river  valley  than 
with  a  succession  of  downthrown  areas.     But  perhaps  the  strongest 
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argument  in  favor  of  its  formation  mainly  by  river  erosion  is  the 
presence,  throughout  its  length,  of  sands  and  gravels  similar  to  those 
known  to  have  been  deposited  by  aggrading  streams. 

Relation  of  Colorado  River  to  the  DetritalnSa^ramento  Valley. — ^The 
influence  of  Colorado  River  has  not  been  considered  thus  far  for  the 
reason  that  no  clear  evidence  has  been  obtained  of  its  presence  within 
the  area  described.  The  erosion  previously  accomplished  may  have 
been  the  work  of  the  Colorado,  or  may  have  been  accomplished  by 
streams  now  extinct.  But  with  the  erosion  of  the  Detrital-Sacra- 
mento  Valley  the  recorded  history  of  the  Colorado  in  western  Arizona 
apparently  begins.  The  river  changed  its  course  within  the  area 
described  during  Quaternary  time,  and  there  are  indications  that 
still  greater  changes  occurred  in  late  Tertiary  time;  but  in  order  to 
determine  the  nature  and  extent  of  the  changes,  it  would  be  necessary 
to  examine  a  large  part  of  the  Plateau  region,  where,  on  account  of 
recent  faulting,  uplift,  and  subsequent  erosion,  the  investigation 
would  be  difficult.  There  was  apparently  no  great  difference  in 
elevation  between  the  Basin  region  and  the  southern  part  of  the 
Plateau  region  during  mid-Tertiary  time,  the  Mohave  peneplain 
extending  continuously  over  both.  The  evidence  of  peneplanation 
in  the  Meadow  Valley  and  in  the  Toquerville  jegion,  and  the  general 
trend  of  the  broad  valley  of  the  Virgin  heading  into  this  region, 
suggest  that  the  Colorado  may  have  flowed  across  what  is  now  the 
Plateau  region  to  the  north  of  its  present  course  and  through  the 
valley  now  occupied  by  the  lower  part  of  the  Virgin  into  western 
Arizona,  where  it  excavated  the  Detrital-Sacramento  Valley.  A  large 
part  of  Tertiary  time  must  have  been  consumed  in  eroding  this  great 
valley.  If  the  formation  of  the  peneplain  be  correctly  assigned  to 
the  Miocene,  and  the  extrusion  of  the  rhyolites  and  younger  andesites 
to  the  close  of  this  epoch,  the  erosion  of  the  Detrital-Sacramento 
Valley  must  have  been  accomplished  in  the  Pliocene. 

Uplift  of  the  plateau, — The  Plateau  region  seems  to  have  been 
not  notably  higher  than  the  area  west  of  it  until  the  end  of  the  epoch 
during  which  the  Detrital-Sacramento  Valley  was  excavated.  But 
at  this  time  it  was  greatly  elevated  and  faulted.  Extensive  dis- 
placements occurred  along  its  western  border,  forming  the  Grand 
Wash,  Cottonwood,  and  Aquarius  cliffs.  Probably  the  tilting  of 
the  great  crust  blocks  like  that  of  the  Ilualpai  Mountains  occurred 
about  the  same  time.  The  block  at  Iceberg  Canyon,  previously 
upturned,  was  again  tilted,  together  with  the  overlying  Greggs 
breccia.  The  Cerbat  Mountains  were  probably  uplifted  to  some 
extent,  but  the  principal  movement  there  seems  to  have  been  down- 
ward, forming  Hualpai  Valley.  About  the  same  time  flows  of 
basalt  occurred  in  the  Detrital-Sacramento  Valley  west  of  Chloride, 
in  the  Cerbat  Mountains,  and  elsewhere,  which  may  antedate  the 
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crust  al  movements  or  may  have  occurred  as  accompaniments  of  the 
initial  movements  and  later  have  been  tilted  to  their  present  position. 

Effect  of  uplift  on  Colorado  River. — The  lines  of  faulting  and  the 
axes  of  uplift  were  developed  across  Colorado  River  and  no  doubt 
materially  changed  its  course.  Whatever  this  may  have  been 
previously,  the  uplift  of  the  plateau  finally  established  its  direction 
by  causing  it  to  erode  the  Grand  Canyon.  In  the  low-lying  region 
west  of  the  i)lateau  the  river  flowed  across  the  Grand  Wash  Trough, 
j)reviously  fdled  with  the  Greggs  breccia,  across  the  truncated  edges 
of  the  upturned  sediments  now  exposed  in  Iceberg  Canyon,  across  a 
second  d^bris-lilled  trough  near  Ilualpai  Wash,  through  the  crystalline 
rocks  of  the  Virgin  Mountains,  and  into  the  previously  formed  Detrital- 
Sacramento  Valley,  which  it  apparently  followed  thence  to  the  sea. 

The  reasons  previously  given  in  the  detailed  descriptions  for 
believing  this  to  be  the  river's  former  course  may  be  briefly  sum- 
marized as  follows:  Boulder  and  Black  canyons  west  of  the  Detrital- 
Sacramento  A^alley  are  apparently  younger  than  Virgin  and  Iceberg 
canyons.  Remnants  of  the  Temple  Bar  conglomerate,  which  occurs 
typically  as  the  fdling  of  the  Detrital-wSacramento  Valley,  are  found  in 
Virgin  and  Iceberg  canyons  in  ])ositions  that  indicate  deposition 
after  tJiese  canyons  were  eroded;  no  such  occurrence  was  observed 
in  the  canyons  west  of  the  Detrital-vSacramento  Valley.  There  are 
gravel  formations  similar  to  the  Temple  Bar  conglomerate  west  of  the 
Black  Mountain  range,  ])ut  they  were  ai)parently  deposited  previous 
to  tJie  erosion  of  Boulder  and  Black  canyons. 

QUATERNARY  (?)  EVENTS. 

Fust  vamjon  cvttlng. — During  tlu*  lirst  epoch  of  erosion  that 
followed  the  uplift  of  the  plateau  Colorado  River  eroded  Grand 
Cjinyon  to  a  depth  of  5,()()()  feet  or  more  beneath  the  Mohave  pene- 
j)Iain.  West  of  the  plateau  it  cut  to  a  depth  of  somewhat  more  than 
1,400  feet  l)eneath  this  })lain  in  lce])erg  and  Virgin  canyons.  The 
erosion  in  the  Detrital-vSacramento  Valley  was  prol)al)ly  corresj>ond- 
ingly  great,  but  little  is  known  of  this  on  account  of  the  detrital 
filling  of  the  valley  which  lias  not  been  removed. 

The  reasons  for  departing  from  the  usage  of  former  writers  who 
assign  tlie  erosion  of  Grand  Canyon  to  late  Tertiarv'  time  are  twofold: 
First,  t lie  Temple  Bar  conglomerate,  deposited  immediately  after  the 
first  epocth  of  canyon  cutting,  is  regarded  as  a  Quaternary  deposit  for 
reasons  stated  in  the  section  next  following;  seccmd,  the  crustal 
disturbances  resulting  in  the  elevation  of  the  plateau  and  the  erosion 
of  the  Grand  Canyon  were  of  such  magnitude  and  far-reaching 
iniluence  in  effecting  radical  changes  in  the  geography  and  geology 
of  the  n^gion  that,  considering  this  region  alone,  without  reference  to 
established  subdivisions,  they  appropriately  constitute  the  sej)aration 
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between  two  great  periods  of  time.  Since,  therefore,  the  canyon 
cutting  followed  the  uplift,  it  falls  into  the  later  or  Quaternary 
period. 

Deposition  of  the  Temple  Bar  conglomerate. — ^Af ter  the  canyon  had 
been  eroded  to  something  like  its  present  depth  some  change  occurred 
which  caused  the  river  to  deposit  sand  and  gravel  from  Grand  Canyon 
to  the  Gulf  of  California.  Between  the  mouth  of  the  canyon  and  the 
Detfital-Sacramento  Valley  no  great  volume  of  the  gravels  accumu- 
lated, owing  to  the  Uinited  dimensions  of  that  part  of  the  valley; 
but  in  the  broad  Detrital-Sacramento  Valley  extensive  deposits 
were  laid  down  to  a  depth  of  something  like  2,000  feet. 

Similar  deposits  were  formed  in  other  valleys  of  the  Southwest, 
and  the  low -lying  interstream  areas  were  built  up  with  angular 
rock  debris  derived  from  the  near-by  mountains.  As  previously 
described,  the  detrital  formations  of  various  parts  of  the  Territory 
can  not  be  definitely  correlated,  but  beds  apparently  equivalent  to  the 
Temple  Bar  conglomerate  are  found  throughout  the  Southwest. 

During  this  epoch  of  deposition  numerous  volcanic  eruptions 
occurred.  Sheets  of  basalt  underlie  the  gravels  in  some  places  and 
in  others  are  included  within  them  at  several  horizons.  Toward  the 
close  of  the  epoch  eruptions  occurred  near  the  mouth  of  Williams 
River,  the  molten  basalt  bursting  upward  through  the  filHng  of  the 
Detrital-Sacramento  Valley  and  spreading  over  its  surface  to  a  depth 
of  800  feet  or  more,  apparently  forming  a  volcanic  dam.  This  sheet 
has  since  been  greatly  eroded  and  its  original  extent  has  not  been 
determined.  Lava  hills  north  of  Williams  River  having  the  appear- 
wice  of  volcanic  necks  suggest  that  the  center  of  eruption  and  the 
real  obstruction  across  the  vallev  mav  have  been  between  the  Mohave 
Mountains  and  the  Aubrey  Hills,  the  sheet  of  compact  lava  south  of 
Williams  River  being  an  outflow  from  this  center. 

A  dam  800  feet  high  thrown  across  Colorado  River  at  this  place 
would  have  created  slack-water  conditions  not  cmly  throughout 
the  entire  length  of  the  Detrital-Sacramento  Valley,  but  far  into 
Grand  Canyon,  and  must  have  facilitated  tlie  deposition  of  sand  and 
gravel,  which  had  previously  accumulated  in  the  valley  to  a  depth  of 
about  1,000  feet.  The  altitude  of  the  basalt  sheet  does  not  differ 
greatly  from  that  of  the  aggraded  floor  of  the  Detrital-Sacramento 
Valley  to  the  north,  and  of  the  sand  and  gravel  remnants  found  far 
above  the  river  in  the  walls  of  Virgin  Canyon.  Deposition  of  sand 
and  gravel  apparently  continued  long  after  the  extrusion  of  these 
lavas,  filling  the  Detrital-vSacramento  Vallev  to  a  level  corresponding 
to  the  surface  of  the  lava  sheet,  an  additional  depth  of  about  800  feet. 

It  is'  probable  that  the  volcanic  dam  did  not  at  once  divert  the 
river  from  its  former  course  through  the  Detrital-vSacramento  Vall(\v, 
for  the  upper  part  of  the  valley  filling,  so  far  as  ol)sei'\^ed,  does  not 
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differ  in  physical  character  from  the  lower  1,000  feet,  which  is  pre- 
sumably a  river  deposit.  The  coarseness  of  the  sediment  and  the 
absence  of  terraces  along  the  margin  are  unfavorable  to  the  supposi- 
tion that  the  valley  was  transformed  into  a  lake  separated  from  the 
river.  It  is  more  probable  that  the  water  of  the  river  continued  to 
flow  through  the  temporary  lake,  filling  it  rapidly  with  sediment  or 
even  building  above  the  level  of  the  dam  before  being  finally  deflected 
from  its  former  course.  A  general  view  of  the  aggraded  valley  floor 
and  its  relation  to  the  neighboring  hills  is  shown  in  PL  XI. 

While  accumulation  was  going  on  in  the  Detrital-Sacramento 
Valley  other  valleys  and  basins  were  filling  with  sediment.  The  Big 
Sandy,  probably  flowing  at  that  time  west  of  the  Artillery  Mountains 
and  through  the  Cactus  Plains  to  the  Colorado,  was  evidently  build- 
ing up  its  course,  and  the  Hualpai  Valley,  probably  at  first  a  lake 
basin,  was  filling  with  sediment.  Briefly  stated,  it  is  probable  that 
the  Temple  Bar  conglomerate  is  a  part  of  the- widespread  accimiulation 
which  occupies  the  low  places  of  the  Southwest  from  central  New 
Mexico  to  CaUfomia  and  northward  over  the  entire  basin  region. 
The  probability  that  sedimentation  over  a  wide  area  was  due  to  a 
single  far-reaching  cause  or  group  of  causes  constitutes  one  of  the 
principal  reasons  for  correlating  the  Temple  Bar  conglomerate  with 
the  Lake  Bonneville  beds  and  less  confidently  with  the  Gila  con- 
glomerate. It  is  not  the  author's  intention  to  argue  that  these  beds 
are  exact  equivalents.  They  apparently  belong,  however,  to  a  single 
division  of  time,  like  the  Pleistocene  epoch  of  the  Quaternary. 

It  may  not  be  out  of  place,  furthermore,  to  reiterate  the  statement 
that  the  reconnaissance  surveys  were  inadequate  for  the  final  solution 
of  the  broad  problems  which,  on  account  of  their  local  bearing,  must 
of  necessity  be  discussed.  The  age  of  the  Temple  Bar  conglomerate 
and  its  relation  to  other  similar  deposits,  the  changes  in  the  course 
and  activities  of  Colorado  River,  and  the  causes  of  these  changes, 
are  all  problems  to  be  finally  solved  only  after  much  more  extended 
investigation. 

River  diversion, — The  extensive  aggradation  caused  some  of  the 
streams  to  abandon  their  old  courses,  and  the  sand  and  gravel  filling 
the  valleys  were  in  some  cases  covered  with  angular  wash.  A  not- 
able occurrence  of  the  diversion  of  a  river  and  the  burial  of  its  gravels, 
in  the  Salt  River  Valley,  has  been  described  by  the  writer,^  who  shows 
that  Salt  River,  which  now  flows  north  of  the  Salt  River  Mountains, 
formerly  joined  the  Gila  east  of  these  mountains,  about  40  miles 
farther  upstream. 

Colorado  River  left  the  Detrital-Sacramento  Valley  and  established 
a  new  course  west  of  the  Black  Mountain  Range,  from  Boulder  Canyon 

a  Lee,  W.  T.,  Underground  waters  of  Salt  River  Valley,  Arizona:  Water-Supply  Paper  U.  S.  GeoL 
Survey  No.  136, 1905,  pp.  125-127. 
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to  the  mouth  of  Williams  River,  a  distance  of  about  125  miles.  This 
(liYersion  may  have  been  due  in  part  to  the  volcanic  dam  which  had 
been  thrown  across  the  Detrital-Sacramento  Valley  near  Williams 
River;  or  it  may  have  been  caused  wholly  by  the  normal  deflection 
of  the  river  over  the  aggrading  surface — an  action  well  illustrated  in 
the  frequent  changes  of  course  over  the  flood  plains  and  delta  of  the 
Colorado  at  the  present  time.  It  is  noteworthy  in  this  connection 
that  the  volcanic  dam  near  Williams  Canyon,  the  highest  remnants  of 
the  detrital  beds,  and  the  mountain  ridges  through  which  the  river 
cut  at  Boulder  and  Black  canyons,  do  not  differ  greatly  in  altitude. 

Second  canyon  cutting, — A  second  epoch  of  canyon  cutting  was 
brought  about  by  some  change  which  caused  the  streams  throughout 
the  Southwest  to  erode  their  channels.  The  streams  which  had  not 
been  deflected  from  their  former  courses  reexcavated  their  old  valleys; 
those  that  had  been  deflected  cut  new  canyons.  Colorado  River 
reexcavated  its  old  valley  from  Grand  Canyon  westward  to  the 
Detrital-Sacramento  Valley,  where  it  left  its  former  course,  passing 
westward  across  the  Black  Mountain  Range  and  thence  southward  to 
the  mouth  of  Williams  River,  where  it  returned  to  the  old  valley 
which  it  now  occupies. 

Viewed  from  the  standpoint  of  existing  topography,  a  more  diffi- 
cult course  could  scarcely  have  been  selected.  Instead  of  reexca- 
vating  the  Detrital-Sacramento  Valley,  where  the  only  hard  rock  to 
be  eroded  was  the  volcanic  dam,  it  eroded  four  rock  canyons  (Boulder, 
Black,  Mohave,  and  Aubrey)  and  crossed  four  debris-filled  basins 
(Las  Vegas,  Cottonwood,  Mohave,  and  Chemehuevis)  before  return- 
ing to  its  former  course.  The  excavation  of  the  detritus  in  the  basins 
was  naturally  more  rapid  than  the  work  in  the  hard  rock  of  the  ridges 
separating  them,  and  the  result  is  the  conspicuous  alternation  of 
short,  sharp  canyons  and  basin-like  valleys  characteristic  of  lower 
Colorado  River. 

During  tliis  epoch  the  downcutting  was  apparently  very  rapid,  the 
rock  canyons  being  narrow,  their  walls  rising  abruptly  from  the 
water's  edge,  as  in  Black  Canyon  (PI.  VIII,  B)  and  in  Boulder  Can- 
yon. The  rapidity  of  the  downcutting  is  perhaps  most  strikingly 
shown  where  the  river  has  cut  through  the  Temple  Bar  conglomerate, 
as  at  Temple  Bar,  leaving  the  poorly  consolidated  gravels  standing  in 
perpendicular  cliffs  hundreds  of  feet  high.  (See  Pis.  II  ancl  VIII,  A.) 
The  occurrence  of  these  high  cliffs  of  unconsolidated  gravel  and  the 
absence  of  extensive  weathering  are  not  wholly  in  accord  with  the 
suggestion  that  the  change  from  the  aggrading  to  the  degrading  con- 
dition of  the  river  was  due  entirely  to  a  change  of  climate. 

Deposition  of  ChsmeJiuevis  gravel. — Some  influence  not  certainly 
known  brought  the  second  epoch  of  erosion  to  a  close  and  caused 
Colorado  River  and  other  streams  of  the  Southwest  again  to  fill  their 
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valleys  with  sand  and  gravel.  The  open  basms  which  had  been 
excavated  along  the  Colorado  while  the  canyons  were  being  cut  in 
the  harder  rock  were  filled  to  a  depth  of  several  hundred  feet  with 
material  which  has  been  called  the  Chemehuevis  gravel,  and  which 
extends  from  the  mouth  of  Grand  Canyon  to  the  Gulf  of  California. 
In  the  midst  of  this  epoch  some  change  occurred  which  caused  the 
accumulation  of  coarser  material  in  the  vicinity  of  Bull  Head.  This 
change,  however,  may  have  been  local,  as  the  division  into  lower  and 
upper  gravels  is  not  conspicuous  in  other  places,  so  far  as  observed. 

During  the  accumulation  of  the  Chemehuevis  gravel  Colorado  River 
evidently  shifted  its  course  within  narrow  limits  over  the  i^grad- 
ing  valley  floor,  as  it  had  done  over  a  much  wider  area  during  the 
accumulation  of  the  Temple  Bar  conglomerate. 

Third  canyon  cutting. — When  the  river  again  began  to  erode  its 
channel  it  reexcp-vated  for  the  most  part  the  old  valley,  but  in  a 
number  of  places  abandoned  its  former  course  and  cut  rock  gorges, 
leaving  the  gravel-filled  channel  at  one  side,  as  in  Cottonwood  Valley 
(p.  37),  Pyramid  Canyon  (p.  38),  Mohave  Canyon  (p.  42),  and 
Chocolate  Canyon  (p.  48). 

For  a  third  time  the  river  eroded  to  some  unknown  depth  below  its 
present  bed.  Borings  to  a  maximum  depth  of  about  200  feet  at  the 
dam  sites  of  the  Reclamation  Service  failed  to  penetrate  through  the 
gravels. 

Formation  of  jlood  plains, — In  very  recent  geologic  time  Colorado 
River  changed  again  from  a  degrading  to  an  aggrading  stream,  and  is 
once  more  building  up  its  course.  In  the  broad  parts  of  the  valley 
the  accumulation  is  evidenced  by  the  wide  bottom  lands  over  which 
the  river  frequently  changes  its  course,  sometimes  gradually  by 
lateral  cutting  and  filling,  and  sometimes  suddenly  by  cutting  a  new 
channel  during  a  flood,  forming  numerous  sloughs,  lagoons,  and 
oxbow  lakes. 

The  great  depth  of  the  d6bris-filled  channels  within  the  newest 
canyons,  as  shown  by  the  soundings  for  bed  rock,  raises  the  question. 
What  proportion  of  the  depth  should  be  attributed  to  the  normal 
cutting  of  the  river  and  what  proportion  to  permanent  filling? 

Cooley"  shows  that  Missouri  River  at  Nebraska  City  probably 
erodes  its  bed  to  a  depth  of  70  to  90  feet.  Near  Omaha  the  depth  of 
scour  and  fill  during  the  year  1883  amounted  to  about  40  feet.  On 
this  subject  Chamberlin'' remarks:  "In  the  drift-filled  bottoms  of 
the  great  branches  of  the  Mississippi  system  it  is  wholly  within  bounds 
to  regard  at  least  the  upper  40  or  50  feet  of  the  deposit  over  which  the 

a  Report  Chief  Eng.  U.  S.  A.  for  1879-80,  pt.  2,  pp.  1060-1071.    See  also  Chamberlin  and  Sallsbuiy, 
Text  Book  of  Geology,  vol.  1,  p.  185. 
b  Chamberlin,  T.  C,  Jour.  Geol.,  vol.  11, 1903,  p.  72. 
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river  meanders  as  subject  to  scour  and  fill,  and  to  entertain  the  sug- 
gestion that  the  deeper  portions  down  to  100  feet  or  more  may  be 
similarly  affected.'^ 

Some  instructive  data  were  secured  during  the  construction  of 
bridges  across  Mississippi  and  Missouri  rivers.  N.  M.  Fenneman* 
has  made  a  special  study  of  this  subject  and  states  that  the  depth  of 
scour,  as  shown  by  the  occurrence  of  buried  wreckage  and  also  by 
direct  soundings,  is  100  feet  or  more,  and  that  the  occurrence  of 
gravels  resting  on  freshly  polished  rock  at  a  maximum  depth  of  about 
335  feet  is  interpreted  as  showing  that  the  river  transports  gravels  of 
considerable  size  and  actively  erodes  its  bed  to  this  great  depth.  It 
seems  possible,  however,  that  some  part  of  this  material  may  be  due 
to  permanent  filling  in  a  glacial  or  preglacial  valley,  such  as  are  known 
to  exist  in  the  Mississippi  Valley. 

It  is  probable  that  the  depth  to  bed  rock  shown  by  the  soundings 
at  the  various  dam  sites  is  largely  due  to  the  normal  action  of  the 
river,  cutting  deep  in  times  of  flood  and  filling  the  channel  at  times  of 
low  water.  It  is  equally  probable,  however,  that  the  channel  is  to 
some  extent  permanently  filled. 

r6sum6  of  history. 

For  convenience  of  reference,  the  succession  of  epochs  and  their 
possible  time  relations  are  tabulated  below. 

Table  of  events  in  (jeologic  history  in  west4m  Arizonn. 


Period.         Epoch. 


Deposition  epoch. 


Erosion  epoch. 


/Rewnt. 


T  — 


Pliocoiip. 


I 


Miocwn' 
Eoceni' . 


II.  Formation  of  flood  plains;  accii- 

miilation  still  in  progress. 
/lO 


9.  Deposition    of    the    Chomehuevis 
gravel. 


Pleistocene  . 


7.  Wlde4jpRyid  aggradation  and  vol- 
canic eruption.  About  2.000 
feet  of  the  Temple  Bar  con- 
glomeratic deposited. 

6 


•»  .. 


T). 


4.  Ix)cal     deposition:    eruption    of 

rhyolite  and  andesite. 
3 

|2.  Eniption  of  andesiti\ 


Rejuvenation  of  streams:  Colorado 
irexcavstes  old  valley  In  part  and 
cuts  several  short  rock  gorges. 


Ueiuvenatlon  of  stit^aniH;  Colorado 
River,  flowing  w«?st  of  the  Blaclc 
Moimtains.  lowers  its  In^d  2,000  feet 
or  more  and  cuts  Aubrey,  Mohave, 
Black,  and  Boulder  canyons. 


Uplift  of  the  Colorado  Plateau:  ero- 
sion of  Grand  Canyon:  flow  of  Colo- 
rado River  in  the  Detrital-Sacra- 
mento  Valley. 


Erosion  of  the  Detrital-Sucramento 
and  other  valleys. 


Peneplanation  and   n>cession  of  the 
Yampai  Cliffs. 


(leneral  degradation. 


a  PersoDiU  communication. 
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CORRELATIONS. 

Explanatory  staierneTUs, — Although  no  definite  correlations  can  be 
made  between  the  products  of  deposition  and  erosion  of  this  fmd  other 
regions,  there  are  certain  presumptions  worthy  of  consideration.  The 
succession  of  Quaternary  events  in  western  Arizona  is  similar  to  that 
of  the  Lake  Bonneville  and  other  inland  regions,  and  the  long  epochs 
of  erosion  and  thick  deposits  of  sediment  represent  comparable  lengths 
of  time  for  each  region.  Western  Arizona  is  a  part  of  the  great  area 
of  western  America  which  underwent  extensive  changes  of  elevation 
during  Tertiary  and  Quaternary  time,  the  various  epoclis  of  which 
were  recorded  in  marine  deposition  and  erosion  along  the  Pacific 
coast.  Since  western  Arizona  is  a  part  of  the  Pacific  drainage  area, 
although  far  inland,  it  is  presumably  true  that  the  great  epochs  of 
the  coast  correspond  in  some  measure  with  the  great  epochs  of  the 
interior,  inasmuch  as  the  thick  marine  deposits  must  represent  long 
periods  of  erosion  of  the  land  areas. 

Comparison  with  LaTce  BonneviUe  history. — In  his  summary  of  the 
historv^  of  the  Lake  Bonneville  oscillations  Gilbert  **  enumerates  the 
following  events,  given  in  order  from  oldest  to  youngest : 

1.  Erosion.  Gilbert  says:  '^This  we  may  call  the  pre-Bonneville 
low-water  epoch.  It  was  of  great  duration  compared  with  those 
enumerated  below.'' 

2.  Deposition.  First  Bonneville  epoch  of  high  water;  deposits  of 
Yellow  Clay.  This  epoch  is  estimated  (p.  316)  as  being  five  times 
as  long  as  the  second  epoch  of  deposition  (4). 

3.  Erosion.  Represented  by  unconformity  and  by  alluvial  deposits. 
The  duration  is  estimated  (p.  316)  as  greater  than  that  of  the  final 
retreat  of  the  water  (5). 

4.  Deposition.  Second  Bonneville  epoch  of  high  water;  deposit  of 
White  Mari. 

5.  Final  retreat  of  water,  intermittently,  to  present  stage. 

The  thickness  of  the  Lake  Bomieville  beds  was  not  known  at  the 
time  of  Gilbert's  writings,  nor  is  their  maximum  thickness  yet 
determined.  Boutwell  ^  has  sliown  that  a  2,000-foot  well  at  the 
eastern  margin  of  Salt  Lake,  near  Farmington  (altitude  4,231  feet), 
does  not  penetrate  through  the  fragmental  beds.  A  similar  thickness 
of  sediments  has  recently  been  found  in  a  deep  boring  at  Neels,  Utah 
(altitude  4,621  feet),  a  station  on  the  San  Pedro,  Los  Angeles  and 
Salt  Lake  Railroad  east  of  Sevier  Lake.  The  well,  which  was  com- 
pleted in  1906,  is  1,998  feet  deep  and  penetrates  1,944  feet  of  sedi- 
mentary matter  before  reaching  bed  rock,  which  is  granite. 

ft  (Jllliort,  O.  K.,  iMkii  Bonmnillr:  Mon.  U.  S.  Gwl.  Survey,  vol.  1, 1890,  p.  250. 
h  Ho  lit  well,  J.  M.,  Oil  and  asphalt  prospectti  in  Salt  Lako  basin:  Bull.  U.S.  Geol.  Survey  No.  200, 
1004,  p.  471. 
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A  driller's  record,  which  was  apparently  kept  with  exceptional  care, 
exhibits  no  change  in  character  to  indicate  that  the  lower  part  of  the 
beds  are  pre-Boimeville  in  age.  It  is  worthy  of  note  that  Neels  is 
located  in  the  narrow  neck  of  Lake  Bonneville  that  connected 
Escalante  Bay  with  the  lai^er  body  of  water  to  the  north,  as  shown 
in  Gilbert's  map  (PL  III  of  the  Lake  Bonneville  monograph).  It  is 
probable  that  the  broader  parts  of  the  lake  were  much  deeper  than 
this  narrow  strait,  and  that  the  sediments  filling  them  were  corre- 
spondingly thicker. 

Because  of  the  importance  of  this  well  in  showing  the  character 
and  depth  of  the  Lake  Bonneville  sediments,  the  driller's  record  is 
here  given: 

Record  of  San  Pedro,  Los  Angeles  and  Salt  Lake  Railroad  well  at  Neels,  Utah. 

Thick- 
ness    Depth 
(foet).   (feet). 

Surface  soO 4  4 

Sedimentary  (alkali) 5  9 

Fire  clay 40  49 

Water-bearing  quicksand 9  58 

Shale  and  soapstone 21  79 

Rock  (sedimentary) 6  85 

Water-bearing  quicksand 3  88 

Soapstone 11  99 

Soapstone  with  fossil  bowlders 39  138 

Water-bearing  quicksand 4  142 

Fire  clay 12  154 

Blue  waxy  clay 34  188 

Gray  shale  and  clay  mixed 7  195 

Gray  waxy  clay 36  231 

Lava  rock 12  243 

Blue  waxy  clay 12  255 

Sedimentary  sandstone 6  261 

Blue  waxy  clay 25  286 

Water-bearing  quicksand 6  292 

Blue  waxy  clay 28  320 

Water-bearing  quicksand 7  327 

Sedimentary  sandstone 10  337 

Yellow  clay 16  353 

Water-bearing  quicksand 5  358 

Yellow  clay 27  385 

Blue  waxy  day 110  495 

Yellow  clay 15  510 

Sedimentary  sandstone 24  534 

Blue  waxy  clay 17  551 

Soapstone 50  601 

Blue  waxy  clay 11  612 

Silt 8  620 

Water-bearing  quicksand 3  623 

Yellow  clay 53  676 

Sedimentary  sandstone 12  688 
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Thick- 
Yellow  clay 

Blue  waxy  clay 

Yellow  clay 

Blue  waxy  clay 

Blue  shale  (sand  mixed) 

Blue  waxy  clay 

Blue  shale 

Blue  shale  (sand  mixed),  yielded  hot  water 

Red  shale 

Blue  shale 

Red  shale , . 

Blue  shale 

Red  " keel"  stone 

Water,  sand,  gravel,  and  bowlders 

Sedimentary  sandstone  (brown) 

Red  sandstone 

Red  shale  (burned) 

Trap  rock  (dark  brown). 

Red  shale  (burned) 

Lava  rock  with  calcite  crystals 

Red  sandstone 

Red  clay  (sticky) 

Volcanic  deposit,  ash,  and  bowlders 

(Gas  under  pressure  sufficient  to  raise  6.200  pounds  of  tools  400  feet.) 

Bowlders  (cemented) 

Cavity 

Bowlders 

Cavity 

Granite  with  cavities  and  pas 

1.998 

At  the  risk  of  carrying  comparisons  too  far,  attention  is  called  to 
the  possible  correspondence  between  the  Quaternary  epochs  of 
western  Arizona  and  those  of  the  Lake  Bonneville  basin.  The  high 
stages  of  Lake  Bonneville  have  been  explained  as  being  due  to  the 
changes  of  cUmate  toward  increasing  precipitation,  and  the  low- 
water  stages  toward  increasing  aridity.  Periods  of  great  precipitation 
(and  high  water  in  an  undrainetl  lake)  are  those  of  active  stream 
erosion,  and,  other  things  being  equal,  the  periods  of  sedimentation 
in  Lake  Bonneville  should  be  the  periods  of  stream  erosion  in  neigh- 
boring regions.  On  this  assumption  Gilbert's  first  Bonneville  epoch 
of  high  water,  during  winch  2,000  feet  or  more  of  se<liment  consisting 
largely  of  fine  mat<»rial  was  deposited,  seems  t^>  correspond  in  dura- 
tion and  position  in  the  time  scale  to  the  erosion  of  Grand  Canyon 
(epoch  6  of  the  Arizona  scale);  his  first  epoch  of  low  water,  to  the 
deiK)sition  of  the  Temple  Bar  conglomerate;  his  second  Bonneville 
ep<K*h  of  high  water,  to  the  en>sion  of  Black  and  Boulder  canyons 
(epoch  8  of  Arizona) ;  and  his  final  epoch  i>f  desiccation,  which  was 


ness 
(fwt). 

34 

Depth 
(fwt). 

722 

117 

839 

9 

848 

210 
18 
13 
45 

1,058 
1,076 
1,089 
1,134 

71 
12 

1,205 
1,217 

70 

24 

28 

6 

70 
35 

1,287 
1,311 
1,339 
1,345 
1,415 
1,450 

95 

1,545 

35 

1,580 

36 
56 

1,616 
1,672 

14 
68 

1,686 
1,754 

48 

1,802 

105 

1,907 

6 

1,913 

9 
22 

1,922 
1,944 

6 
48 

1,950 
1,998 
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accomplished  intermittently^  to  the  deposition  of  the  Chemehuevis 
gravel  and  the  following  minor  epochs  represented  along  lower  Colo- 
rado River.  Whether  so  close  a  parallelism  of  events  is  warrantable 
or  not,  it  is  evident  that  the  general  sequence  of  events  as  recorded 
in  the  Bonneville  basin  is  similar  to  that  of  the  Colorado  Vallev. 

Comparison  with  southern  California. — Hershey  **  has  arrived  at  a 
conclusion  regarding  the  length  of  Quaternary  time  and  the  com- 
plexity of  its  history  which  is  similar  in  a  general  way  to  that  shown 
by  the  epochs  of  the  Bonneville  basin  and  of  western  Arizona.  Prob- 
ably the  most  significant  feature  of  his  subdivisions  in  relation  to  the 
phenomena  of  western  Arizona  is  a  long  epoch  of  erosion  at  the  begin- 
ning of  the  Quaternary,  which  in  his  opinion  is  much  longer  than  all 
the  subsequent  epochs  combined.  This  epoch  may,  on  further 
study,  prove  to  be  equivalent  in  point  of.  time  to  the  erosion  of  Grand 
Canyon. 

Comparison  with  the  Pacific  coast — In  studies  of  the  marine  beds 
of  the  Pacific  coast,  Arnold  ^  shows  that,  while  the  epochs  of  the  Ter- 
tiary and  Quaternary  are  very  fully  represented,  the  subdivisions  do 
not  conform  in  all  cases  to  those  of  the  standard  time  scale.  The 
division  of  Tertiary  time  as  given  in  his  publications,  which  in  per- 
sonal interviews  he  asserts  will  hold  good  for  the  Pacific  coast  gener- 
ally, is  shown  in  the  following  table : 

Correlation  table  of  the  marine  Tertiary  and  Pleistocene  fonnations  of  the  Pacifir  coast. 


Period. 

Epoch. 
Plelstweno 

Formation.*' 

Qimternary 

1  San  Pedro,  1,000  ±  fret. 

t 

1                                                ■  " 
Merced.  5,000  ±  feet. 

/Pliocene 

Transitional 

Purlslraa,  800  ±  feet. 

1 

• 

Miocene 

San  Pablo,  1,500  to  2.000  feet. 
Monterey,  2,500  ±  feet. 

Tertiary 

Oligocene 

1  Vaqueros,  3,000  ±  feet. 

San  I^renzo,  2,300  ±  feet. 
Tejon,  4,000  ±  feet. 

'Eocene 

Martinez,  1,000  to  2.000  feet. 

* 

a  Hershey,  O.  H.,  The  Quaternary  of  southern  California:  Bull.  Univ.  California  Dopt.  Oeol..  vol.  3, 
1902,  pp.  1-30. 

*  Arnold,  Ralph,  The  Tertiary  and  Quaternary  pectens  of  California:  Prof.  Papeu*  U.  8.  Oeol.  Survey 
No.  47, 1006,  p.  9. 

«In  thia  column  full  lines  represent  unconformity;  broken  linos,  conformity. 
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According  to  Arnold,  the  great  time  breaks  occurred:  (a)  At  the 
close  of  the  Eocene,  the  break  in  this  case  being  indicated  by  a  distinct 
change  of  fauna;  (b)  before  the  close  of  the  Miocene;  and  (c)  some- 
time during  the  Quaternary,  the  latter  two  being  erosion  breaks. 
It  seems  probable  that  the  long  periods  of  sedimentation  along  the 
Pacific  Coast  may  be  equivalent  in  a  general  way  to  the  periods  of 
quiet  erosion  described  in  western  Arizona,  and  that  the  great  and 
widely  recognizable  unconformities  of  the  coast  may  correspond  to 
the  periods  of  crustal  disturbances  and  volcanic  activity  of  the 
interior.  Thus  the  long  period  of  erosion  resulting  in  the  formation 
of  the  Mohave  peneplain  may  correspond  to  the  deposition  of  the 
Vaqueros  and  Monterey  formations,  and  the  eruptions  of  rhj^olite  in 
Arizona  to  the  unconformity  between  the  San  Pablo  and  the  Mon- 
terey, which  is  associated  with  the  volcanic  eruptions  of  the  coast 
region. 

The  similarity  in  succession  of  Quaternary  events  in  the  two 
regions  is  not  striking.  Pleistocene  time  is  represented  on  the  coast 
by  thick  sediments  and  Recent  time  by  some  of  the  raised  sea  beeches. 
The  thickness  of  the  Pleistocene  sediments  renders  it  probable  that 
the  time  required  for  their  deposition  is  comparable  with  the  long 
period  of  erosion  during  early  Quaternary  in  the  Arizona  region,  and 
the  relative  position  of  these  epochs  in  the  time  scale  apparently  war- 
rants provisional  correlation.  The  terraces  of  the  coast  may  corre- 
spond in  time  with  the  various  epochs  of  erosion  and  deposition  of 
the  Arizona  region. 

Comparison  with  the  Plateau  region. — In  the  Plateau  region  the  sub- 
division of  Tertiary  and  Quaternary  time  is  based  mainly  on  physio- 
graphic evidence.  Davis  °  has  shown  that  there  were  two  main 
cycles  of  erosion,  designated  the  plateau  cycle  and  the  canyon  cycle. 
During  the  first  or  plateau  cycle  a  large  area  in  northern  Arizona  and 
southern  Utah  was  reduced  to  a  peneplain.  The  original  surface  of 
this  peneplain  is  preserved  in  places  by  lava  flows,  as  on  the  Shiwitz 
Plateau  in  northern  Arizona  and  near  Toquerville,  Utah,  ^  but  has 
generally  been  dissected  by  later  erosion.  The  peneplain  will  per- 
haps be  best  recognized — if  due  allowance  be  made  for  subsequent 
erosion — as  the  surface  of  the  plateau  in  which  Grand  Canyon  is 
eroded  in  northern  Arizona.  During  the  second  or  canyon  cycle 
Grand  Canyon  was  carved  by  the  Colorado,  and  the  peneplain,  now 
elevated,  was  dissected  to  a  less  extent  by  the  smaller  streams. 

Following  Davis,  Huntington  and  Goldthwaite  in  their  description 
of  the  Toquerville  region  of  southwestern  Utah  emphasize  the  impor- 
tance of  these  cycles  and  add  many  details  which  aid  in  studying 
,    ■  — - — ___^_ 

o  Davis,  W.  M.,  An  excursion  to  the  Grand  Canyon  of  the  Colorado:  Bull.  Mus.  Comp.  Zodl.  Harvard 
Coll.,  vol.  38,  1901,  pp.  107-201. 

i>  Huntington.  Ellsworth,  and  Qoldthwaite.  J.  W..  The  Hurricane  fault  in  the  ToquerviUe  district, 
Utah :  Bull.  Mus.Comp.  Zo61.  Harvard  Coll.,  vol.  42, 1904,  p.  231. 
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the  geologic  history  of  the  Grand  Canyon  region.  The  succe^^sion  of 
Tertiary  and  Quaternary  events  described  by  them  may  be  sum- 
marized, in  order  from  oldest  to  youngest,  as  follows: 

1.  Eocene.  A  period  of  deposition  during  which  the  Plateau 
region  was  low. 

2.  A  period  of  elevation  accompanied  by  folding,  flexing,  and 
extrusion  of  andesite. 

3.  A  second  period  of  erosion — the  pre-fault  cycle. 

4.  EarUer  faulting,  during  which  the  great  faults  of  the  Plateau 
region,  such  as  Hurricane  and  Grand  Wash  faults,  were  originally 
formed. 

5.  Interfault  cycle  of  erosion,  during  which  the  Mohave  peneplain 
was  formed. 

6.  Later  faulting  and  final  uplift  of  the  High  Plateau. 

7.  Erosion  of  Grand  Canyon. 

The  history  thus  developed  corresponds  in  many  ways  with  that 
of  western  Arizona,  but  differs  notably  in  some  respects.  The  early 
Tertiary  erosion  in  western  Arizona  seems  to  correspond  in  time 
with  the  Eocene  sedimentation  of  the  plateaus,  and  eruptions  of 
andesite  marked  the  close  of  the  period  of  both  provinces.  There 
is,  furthermore,  no  disagreement  regarding  the  time  of  uplift  and 
faulting  inunediately  preceding  the  erosion  of  Grand  Canyon,  but 
further  investigation  is  necessary  before  the  subdivision  of  middle 
and  later  Tertiary  time  in  the  two  provinces  can  be  harmonized. 
Apparently,  the  great  masses  of  rhyolite,  3,000  feet  thick  in  western 
Arizona  and  presumably  extruded  at  the  close  of  the  Miocene,  were 
not  found  in  southwestern  Utah,  and  the  long  period  of  erosion  which 
followed  their  extrusion,  presumably  during  Pliocene  time,  seems  to 
be  included  by  Huntington  and  Goldthwaite  in  the  time  during 
which  the  Mohave  peneplain  was  being  formed,  since  according  to 
them  this  cycle  of  erosion  ended  with  the  uplift  of  the  plateau  and 
the  origin  of  Grand  Canyon. 

Since  the  Mohave  peneplain  is  here  used  as  a  correlation  horizon, 
it  may  be  in  place  to  inquire  into  its  probable  extent.  As  already 
stated,  this  peneplain,  which  in  the  Plateau  region  of  southern  Utah 
and  northern  Arizona  is  represented  by  the  platform  at  the  top  of 
Grand  Canyon,  is  here  regarded  as  extending  generally  over  north- 
western Arizona.  A  similar  peneplain  has  been  described  by  Lind- 
gren^  in  the  Sierra  region  of  eastern  California,  where  he  finds  evi- 
dence of  an  extensive  peneplain,  formed  presumably  during  the 
Miocene  and  covered  in  part  by  the  younger  auriferous  gravels,  and 
ihese  in  turn  by  rhyolites  and  andesites — a  sequence  which  corre- 
sponds with  that  in  northwestern  Arizona.     Other  localities  might 

•  Llndgren,  Waldemar,  Age  of  the  aiiriferoiin  gravels  of  the  Slerm  Nevada:  Jour,  (geology,  vol.  .Vi, 
IMS,  pp.  881-906. 
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be  referred  to  in  which  mid-Tertiary  erosion  may  correspond  in  time 
with  the  formation  of  the  Mohave  peneplain.  In  view,  however,  of 
the  great  distances  between  the  various  localities  described  and  the 
difficulties  of  correlating  periods  of  erosion,  the  most  that  can  be  said 
is  that  the  available  evidence  points  to  the  probability  that  the 
Mohave  peneplain  was  one  of  great  extent  and  may  prove  to  be  a 
valuable  means  of  correlation. 

WATER  8UPPL1IE8. 

SURFACE  WATERS. 

PRECIPrTATION. 

Little  is  definitely  known  of  the  rainfall  in  western  Arizona.  Ac- 
cording to  E.  C.  Murphy,"  of  the  U.  S.  Geological  Survey,  the  average 
annual  precipitation  for  the  region  is  approximately  5  inches.  At 
Needles,  Cal.,  records  kept  by  the  Weather  Bureau  since  1892  show 
an  annual  mean  of  2.47  inches. 

EVAPORATION. 

Evaporation  in  western  Arizona  greatly  exceeds  rainfall.  No 
records  are  available  for  the  area  described,  but  it  probably  does  not 
diflFer  very  much  from  that  at  Yuma,  Ariz.,  where  the  annual  evapora- 
tion, as  given  by  Murphy,  is  82.32  inches. 

STREAMS. 
COLOBADO    &IVEB. 

FUm, — ^A  gaging  station  has  recently  been  established  at  Hardy- 
ville,  near  old  Fort  Mohave,  for  measuring  the  flow  of  Colorado 
River.  Records,  however,  are  already  available  for  the  last  four 
years  at  Yuma,  Ariz.,  which  probably  give  most  satisfactorily  the 
volume  carried  by  the  lower  Colorado. 

Discharge  of  Colorado  River  at  Yuma,  Ariz. 


Total  In 
acie-feet. 

7.960.189 
11,329.032 
10,109.004 
19,710.000 

Mean  in 
neoond-feet. 

1902 

10,970 

1903 '. 

15,fi95 

1904 

13,022 

190S 

27,300 

A  v«^rMin» 

12,277,056 

16,947 

Irrigable  lands, — Although  a  large  amount  of  water  is  available  in 
Colorado  River,  the  irrigable  land  is  limited  in  amount  and  confined 
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to  the  flood  plains.     According  to  Homer  Hamlin,"  of  the  Reclama- 
tion Service,  the  acreage  is  distrihiited  as  follows: 

Irrigable  land  along  Colorado  River. 

Acres. 

Cottonwood  Valley 5, 000 

Mohave  Valley 50, 000 

Chemehuevis  Valley 20, 000 

Great  (\)lora(lo  Valley 200, 000 

Yuma  Valley 100, 000 

375,000 

The  ways  and  means  of  irrigating  these  lands  have  been  investi- 
gated by  the  Reclamation  Service,  but  except  for  the  Yuma  project, 
now  under  construction,  no  development  has  yet  been  undertaken. 

Outside  of  the  flood  plains  no  lands  within  the  area  described  are 
sufficiently  low  to  be  irrigated  from  the  river.  The  broad  valleys 
and  detrital  plains  occupying  so  large  a  part  of  the  region,  although 
admirably  adapted  to  agriculture  in  other  respects,  are  too  high  to 
be  economically  supplied  with  water  from  Colorado  River  by  any 
means  known  at  the  present  time.  In  order  to  water  the  Hualpai  or 
Detrital  valleys  it  would  be  necessary  to  raise  the  water  of  the  river 
about  2,000  feet,  atid  the  case  is  nearly  as  hopeless  for  the  valleys 
farther  south. 

Dam  sites, — Several  dam  sites  have  been  selected  along  Colorado 
River  by  the  engineers  of  the  Reclamation  Service,  and  much  has 
been  done  in  the  way  of  investigation  as  far  north  as  the  Cotton- 
wood Valley.  Possible  dam  sites  occur  in  Chocolate  Canyon  (fig. 
13),  Aubrey  Canyon,  at  Bulls  Head  in  Pyramid  Canyon  (PL  IX), 
and  at  Eagle  Rock  in  the  Cottonwood  Valley  (fig.  7).  In  none  of 
these  localities,  however,  has  bed  rock  been  found  sufficiently  near  the 
surface  to  warrant  the  construction  of  masonry  dams.  In  Chocolate 
Canyon  borings  reached  the  depth  of  138  feet;  in  Aubrey  Canyon, 
75  foot;  in  Pyramid  Canyon,  100  feet;  But  in  no  case  was  the  maxi- 
mum depth  of  the  old  gravel-filled  channel  reached. 

The  canyons  north  of  the  Cottonwood  Valley  oflFer  excellent  oppor- 
tunities for  the  construction  of  dams,  but  little  has  been  done  further 
than  the  selection  of  certain  favorable  localities.  Several  have  been 
selecte<l  by  the  Reclamation  Service,  and  others  by  private  compa- 
nies who  c(mtem plate  using  the  water  power  in  developing  the  min- 
eral resources  of  the  region.  The  questions  involved  are  mainly  of 
an  engineering  nature,  but  it  may  be  in  place  here  to  describe  certain 
geologic  conditions  that  are  likely  to  affect  development. 

In  Recent  time — the  last  epoch  described  under  '*  Geologic  his- 
tory ^^ — the  river  has  been  filling  its  channel,  at  least  in  its  lower 
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reaches.  It  is  evident,  therefore,  that  even  in  the  newest  channels, 
such  as  that  at  Bulls  Head,  bed  rock  is  not  to  be  expected  as  near 
the  surface  as  it  would  be  if  the  river  were  in  an  eroding  stage.  In 
other  words,  it  is  probable  that  the  rock  channel  is  deeper  than  the 
maximum  depth  of  scour. 

The  flood-plain  deposits,  so  conspicuous  in  the  lower  reaches  of  the 
river,  become  less  conspicuous  upstream,  until  in  Black  Canyon  rapids 
of  notable  proportions  occur.  In  the  absence  of  soundings  in  the 
channel  for  bed  rock  farther  north  than  Bulls  Head,  it  is  impossible 
to  say  that  the  channel  is  not  filled  in  the  northern  portion  of  the 
region  as  it  is  farther  south  where  soundings  have  been  made.  The 
swift  current  washes  the  fine  material  away  and  leaves  lai^e  bowlders 
clogging  the  channel  even  where  the  grade  of  the  river  is  steep  enough 
to  form  dangerous  rapids.  It  is  the  writer's  impression  that  the 
river  is  flowing  essentially  on  rock  bottom  through  Black,  Boulder, 
Virgin,  and  Iceberg  canyons,  with  only  such  obstructions  of  bowlders 
as  are  incidental  to  variations  in  the  river's  power  of  transportation; 
in  other  words,  that  there  is  no  permanent  filling  in  the  bottom  of 
those  canyons. 

The  deflection  of  the  river  previously  described  has  resulted  in  the 
cutting  of  young  channels  in  many  places  for  short  distances,  as  at 
Eagle  Rock,  Bulls  Head,  Great  Bend,  etc.  It  is  in  these  young  chan- 
nels that  bed  rock  is  to  be  expected  at  the  least  depth.  The  relation, 
however,  to  the  old  d6bris-filled  channel  at  the  side  may  be  such  as 
to  influence  this  depth.  For  example,  at  Bulls  Head  the  depth  to 
bed  rock  in  the  channel  now  occupied  by  the  river  might  be  greater 
near  the  edge  of  the  old  channel,  owing  to  the  fact  that  the  new 
channel  might  coincide  with  some  lateral  wash  of  the  old,  while  north 
of  Bulls  Head  Rock,  midway  of  the  young  channel,  bed  rock  might 
be  much  nearer  the  surface.  The  depth  to  which  a  lai^e  river  worics 
is  known  to  be  great,  although  there  is  little  information  at  present 
to  indicate  the  maximum  depth  to  which  Colorado  River  works.  The 
records  of  Missouri  River,  previously  cited  (p.  66),  indicate  the 
possibility  that  a  depth  of  73  to  100  feet,  or  even  more  in  narrow 
channels,  such  as  that  at  Bulls  Head,  is  to  be  expected  as  a  result  of 
river  abrasion  alone. 

Considering  further  the  depth  of  scour,  it  is  evident  that  the  river 
will  cut  to  a  less  depth  in  wide  passages  than  in  narrow  passages 
where  the  current  is  swift.  The  narrow  places  are  usually  selected  as 
dam  sites  on  account  of  the  presence  of  favorable  abutments  com- 
paratively close  together.  It  is  possible  that  in  certain  cases  the 
depth  to  bed  rock  in  the  wide  part  of  a  gorge,  where  the  abrasive  force 
is  weak  owing  to  a  diminution  of  velocity,  might  be  enough  less  than 
in  the  narrow  parts,  where  the  current  is  swift,  to  more  than  compen- 
sate for  the  greater  length  of  a  dam. 
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BIG    SAHDY   WASH   AND    WHXIAXB   &!▼£&. 

Big  Sandy  Wash  has  a  small  permanent  flow,  and  Williams  River 
furnishes  water  for  the  irrigation  of  a  few  ranches,  but  the  floods  of 
Williams  River  are  evidently  large.  Water  marks  on  the  rocks  and 
drift  material  lodged  in  the  face  of  the  canyon  walls  are  seen  at  the 
height  of  20  feet  or  more  above  the  bed  of  the  stream.  The  quantity 
of  water  discharged  by  WiUiams  River  is  apparently  sufficient  to 
warrant  the  construction  of  a  reservoir  in  the  basin  east  of  Williams 
Canyon.  This  basin  is  about  7  miles  long  and  5  miles  wide,  and  the 
gorge  forming  a  possible  dam  site  is  about  60  feet  wide  at  the  water 
line. 

A  reservoir  at  this  place  would  be  of  comparatively  little  use  in 
irrigation,  as  there  is  practically  no  irrigable  land  available.  It 
might,  however,  be  of  great  benefit  in  producing  power  for  the  devel- 
opment of  the  mineral  resources.  Rich  deposits  of  gold,  copper,  and 
iron  are  known  to  occur  in  this  region,  but  development  is  hindered 
or  wholly  prevented  by  the  want  of  transportation  facilities.  The 
production  of  power,  such  as  seems  possible  in  this  locality,  might 
be  the  means  of  developing  a  rich  mining  district. 

UNDERGROUND  WATERS. 
SURFACE    INDICATIOXS. 

In  many  places  throughout  the  Southwest  the  unconsolidated  depos- 
its filling  the  old  vaUeys  and  intermontane  basins  are  saturated  with 
water,  and  the  hope  was  entertained  that  this  might  be  the  case  in 
the  area  here  described.  The  geography  of  the  region,  however,  is 
not  favorable  for  the  accumulation  of  large  quantities  of  underground 
water,  nor  for  the  retention  of  such  as  might  accumulate.  The  rain- 
fall is  slight  and  no  large  quantities  can  be  derived  from  streams. 
Colorado  Canyon  on  the  north  and  west  forms  an  effectual  outlet  for 
waters  which  might  otherwise  accumulate  in  the  gravels. 

From  surface  indications  the  Hualpai  Valley  would  seem  to  have 
an  underground  water  supply.  It  is  an  undrained  basin  into  which 
Truxton  Creek  empties,  and  contains  standing  water  for  considerable 
periods.  Only  one  well  has  been  bored  in  the  valley,  at  its  northern 
extremity  in  Hualpai  Wash.  The  absence  of  water  in  this  well  is  not 
considered  proof  that  water  may  not  exist  near  the  surface  in  the 
center  of  the  valley. 

In  the  other  valleys  and  plains  of  the  region  the  prospect  is  not 
encouraging.  There  is  little  opportunity  for  the  accumulation  of 
water  in  the  gravels  of  the  Cactus  Plains,  because  of  drainage  into 
Colorado  River  to  the  west  and  Williams  Canyon  to  the  north.  Con- 
ditions in  the  McMuUen  Valley  are  slightly  more  favorable,  but  water 
is  found  only  at  depths  of  100  feet  or  more.  No  wells  are  reported 
from  the  plains  south  of  Harrisburg. 
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WELLS. 

Nelson. — The  well  at  Nelson,  Ariz.,  is  1,043  feet  deep.  At  516 
feet  a  little  water  was  found,  and  in  the  sandstone  near  the  bottom 
a  larger  supply  was  encountered;  but  the  available  quantity  has 
not  been  ascertained.     The  formations  passed  through  are  as  follows: 

Log  of  railroad  well  at  Nelson,  Ariz. 

Feet. 

Cemented  detritus 0-      44 

Limestone  (Redwall) 44-    3% 

Sandstone  and  shale  (Tonto) 396-1, 043 

Peach  Springs, — A  well  at  Peach  Springs,  Ariz.,  is  920  feet  deep. 
A  small  amount  of  water  was  encountered  somewhere  in  the  lower 
half,  but  the  horizon  is  not  known.  Water  stands  at  a  depth  of  413 
feet,  and  a  preliminary  pumping  test  yielded  25  gallons  per  minute, 
or  14,000  gallons  per  day  of  twenty-four  hours.  This  is  insufficient 
for  railway  use,  and  the  well  is  to  be  sunk  deeper.  The  formations 
passed  through  are  as  follows: 

Log  of  railroad  well  at  Peach  Springs^  Ariz. 

Feet. 

Cemented  gravel 0-200 

Limestone  (Redwall) 200-560 

Shale  (Tonto) 560-920 

HcLckberry. — There  are  several  dug  wells  at  Hackberry,  Ariz.,  in 
or  near  the  bed  of  Truxton  Creek.  They  penetrate  through  the  de- 
tritus and  encounter  granite  at  a  depth  of  about  70  feet,  where  a 
limited  flow  of  water  is  obtained.  The  well  at  the  railway  station  is 
taxed  to  its  extreme  limit  in  supplying  80,000  gallons  in  twenty-four 
hours,  or  55  gallons  per  minute. 

Kingman, — There  are  about  60  wells  in  the  town  of  Kingman.  A 
few  of  these  are  dug,  but  most  of  them  are  drilled.  They  are  from 
120  to  200  feet  in  depth,  according  to  the  difference  in  surface  eleva- 
tion. The  water  occurs  in  a  bed  of  volcanic  tuff  about  30  feet  thick, 
which  rests  upon  the  granite.  An  abundance  of  water  is  obtained 
from  these  wells  to  supply  the  needs  of  the  railroad  and  the  town. 

Gold  Basin, — Two  wells  500  and  700  feet  deep  were  drilled  several 
years  ago  in  Gold  Basin  at  the  northern  end  of  the  Hualpai  Valley, 
about  50  miles  north  of  Eongman.  Nothing  but  detrital  material 
was  penetrated,  and  no  water  was  encountered. 

Drake, — The  well  at  Drake,  in  the  Sacramento  Valley,  is  687  feet 
deep  and  penetrates  to  bed  rock.  Water  was  encountered  at  a  depth 
of  430  feet  in  **gray  granite^'  and  rose  30  feet.  (This  material  is 
undoubtedly  granitic  wash,  cemented  by  carbonate  of  lime.  Ce- 
mented material  of  this  kind  is  common  in  the  Quaternary  deposits 
throughout  the  arid  regions.  The  yield  of  the  well  has  not  beexi 
determined. 
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Log  of  railroad  well  at  Drake,  Ariz. 

Feet. 

Sand  and  bowlders 0-  45 

Brown  sand 45-  90 

Bowlders 90-160 

Brown  sand 160-178 

Sand  and  gravel 178-223 

Black  lava 223-308 

Yellow  sand 308-368 

Black  lava 368-408 

Flint 408-414 

Black  lava 414-419 

Gray  granite • 41^-475 

Black  lava 475-483 

''Gray  granite, "  water  bearing 483-^537 

Clay 537^78 

Disintegrated  granite 578-603 

Solid  granite 603-687 

YiLCca, — There  are  two  deep  wells  at  Yucca,  situated  near  Sacra- 
mento Wash.  The  first  was  drilled  in  1889  and  has  been  in  opera- 
tion since  that  time.  The  amount  of  water  obtainable  was  not 
sufficient  for  the  needs  at  that  point,  and  a  second  weU  has  been  put 
doA^Ti  to  a  depth  of  1,004  feet.  Water  is  said  to  have  been  encoun- 
tered at  a  depth  of  310  feet,  but  when  measured  by  the  writer  in  the 
new  well  it  was  standing  at  a  depth  of  346  feet.  No  special  water- 
bearing stratum  was  encountered  below  the  first,  and  the  additional 
supply  is  obtained  by  slow  seepage  through  the  sand  and  gravel.  The 
material  encountered  is  as  follows: 

Ix}g  of  railroad  well  at  Y^icca,  Ariz, 

Feet. 

Cemented  sand  and  gravel 0-    370 

Clay 370-    455 

Gravel 455-    555 

White  sand 555-    905 

Granite 905-1,004 

Haviland. — The  well  at  Haviland  is  505  feet  deep  and  is  in  vol- 
canic material  most  of  the  way.  Water  was  encountered  at  a  depth 
of  248  feet  and  rose  48  feet.  The  well  yields  60,000  gallons  of  water 
per  day,  or  about  42  gallons  per  minute.  The  material  penetrated 
is  as  follows: 

Log  of  railroad  well  at  Hanlandy  Ariz. 

Feet. 

Bowlders 0-  12 

Lava 12-260 

White  volcanic  tuff 260-505 

Big  Sandy  VaUey. — Several  wells  dug  in  Big  Sandy  Wash  encoun- 
tered water  15  to  75  feet  below  the  surface,  according  to  locality.  It 
is  reported  that  a  few  years  ago  water  was  sufficiently  near  the  sur- 
face to  seep  into  the  lower  placea  along  the  bottpin  of  the  valley, 
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where  it  was  used  for  irrigation;  but  during  the  last  few  years  this 
seepage  has  disappeared. 

Harrisburg. — Near  Harrisburg,  at  the  point  where  the  wash  drain- 
ing the  McMuUen  Valley  passes  through  the  constriction  between 
the  mountains,  a  centrifugal  pump  has  been  established,  and  water 
is  obtained  in  sufficient  quantities  to  irrigate  a  small  ranch.  This 
supply  is  local  and  limited  in  amount. 

Other  wells. — ^At  a  number  of  places  in  McMuUen  Valley,  in  the 
Cactus  Plain,  and  in  the  plains  of  the  southern  extremity  of  the  region, 
wells  were  reported;  but  nowhere  was  ground  water  encountered  in 
sufficient  quantities  or  near  enough  to  the  surface  to  warrant  any 
attempt  at  development  for  irrigation. 

Records  of  railway  welU  in  northeastern  Arizona. 


Location. 


Haviland 

Yucca  No.  1.. 


Diam- 
eter. 


Yucca  No.  2.. 


Drake. 

Hackberry 

Peach  Springs 


Nelson ,    1,043 


Feet. 

Inches. 

505 

12 

534 

10 

1.004 

13 

50-200 

Dug. 

684 

12 

70 

Dug. 

920 

13 

1,043 

13 

Year 

Depth 

com- 

to 

pleted. 

water. 

Feet. 

1901 

200 

1889 

346 

1903 

346 

(7) 

(?) 

1901 

400 

(7) 

66 

1903 

413 

1902 

490 

Water  raised 
by- 


Airlift. 
do. 


Amount 

raised  in  24 

hours. 

OaOons. 
60,000 
»90.000 


Not  tested. 


Remarks. 


do , 

Steam  pump. . ! 

Airlift Not  tested. 

Steam  pump  J  80, 000 
do '  14,000 


Not  tested. 


36,000  gallons  per  day 
is  all  that  can  now 
be  pumped. 


Not  satisfactory;  will 
be  sunk  deeper. 

Water  struck  at  516 
feet. 


«  When  tested. 


DEEP-WELL   TEMPERATURES. 


Temperature  readings  taken  at  two  of  the  deep  wells  are  given  in 
the  following  table.  The  results  obtained  at  Yucca  are  probably 
more  satisfactory  than  those  at  Nelson,  as  conditions  were  more 
favorable  for  satisfactory  observation.  At  Nelson  the  thermometer 
was  not  in  the  water  at  the  upper  horizon  tested,  while  at  Yucca  it 
was  under  water  at  both  horizons.  The  increase  of  temperature 
downward  in  the  Yucca  well  was  1°  F.  for  55 -f  feet.  That  in  the 
Nelson  well  was  1°  F.  for  68 -f  feet. 


Temperatures  of  water  in  wells  at  Vucca  and  Nelson^  Ariz. 


Location. 


Yucca.  Arlz.o  . 

Do 

Nelson.  Ariz.* 

Do 


Surface 
eleva- 
tion. 


Total 
depth. 


Fret. 
1.004 
1.004 
1.043 
1,043 

Feet. 
1.804 
1.804 
.'>,200 
5,200 

Depth  to 
water. 


Feet.  . 
346 
346 
490 
490 


Date  of  ob- 
servation. 


Surface 
temper- 
ature at 
time  of 
observa- 
tion. 


-1- 

Scpt.,19()3...| 

do 

do 1 

98 
98 
75 

1 

Depth 
at  which 
temper- 
ature 
was 
taken. 


Feet. 
1.004 

1.040 
2C0 


Temper- 
ature. 


90.5 

saa 

73.4 
6L^ 


o  General  region  volcanic.    Drilling  suspended  three  months  previous  to  observation. 
*  In  limestotia  region  »t  edge  of  plateau.    No  work  done  on  well  for  several  months  previous  to  time  of 
observation. 


NOTES  ON  THE  IGNEOUS.  ROCKS  OF  WESTERN  ARIZONA." 


By  Albert  Johannsen. 


PRB-CAMBRIAN  CRYSTALLINES. 

The  oldest  of  the  volcanic  rocks  in  northwestern  Arizona  are  granites 
(A-6,  A-44).''  According  to  Lee,  they  occur  below  the  effusives 
tliroughout  the  entire  area,  and  in  the  cliffs  to  the  east  are  overlain 
by  the  same  series  of  Cambrian  rocks  which  in  the  Grand  Canyon 
section  is  called  the  Tonto  formation.  Over  the  whole  area  the  fact 
that  the  granite  is  an  older  and  not  a  younger  intrusive  Ls  clearly 
indicated  bv  the  occurrence  of  dikes  and  veins  within  it  which  do  not 
extend  through  the  overlying  rocks.  The  upper  surface  was  planed 
nearly  to  a  base-level  and  the  effusives  generally  overlie  it  in  hori- 
zontal sheets. 

Much  granite  occurs  in  the  area.  The  rock  is  red  to  gray  in  color, 
is  usually  coarsely  crystalline,  and  is  much  cut  by  dikes  and  veins. 
Here  and  there  in  faulted  regions,  the  rock  is  highly  gneissoid,  while 
in  other  places  the  mass  passes,  by  easy  transitions,  from  the  normal 
rock  to  the  schistose.  The  specimens  are  very  similar  in  mineralogic 
character,  though  no  thin  section  of  the  normal  type  was  examined. 
Megascopically  A-6  is  fine  and  schistose,  and  consists  of  black  and 
white  bands  of  feldspar  and  biotite.  A-44  is  dark  red  in  color  and 
is  very  compact.  Under  the  microscope  the  former  is  schistose, 
hypautomorphic- granular,  while  the  latter  is  similar  but  without 
showing  schistosity.  In  both,  the  minerals  are  feldspar,  less  quartz, 
and  still  less  biotite.  Zircon  and  apatite  are  accessory.  The  feld- 
spar is  chiefly  orthoclase,  which  is  now  and  then  intergrown  with 
plagioclase  in  the  form  of  micro perthite;  a  little  microdine  and  a 
little  oligoclase  or  andesine  occur.  The  biotite  occurs  in  shreds  and 
patches  (subparallel  in  A-6)  and  is  in  many  specimens  considerably 
altered  to  iron  oxide,  so  that  it  is  black  and  opaque.  Normally  the 
pleochroism  of  the  biotite  is  a  =  light  green  and  b  =  dark  green. 
Zircon  occurs  as  short,  stout,  roimded  grains,  and   apatite  occurs 


«  The  specimens  here  descrilxKl  were  eollectcd  by  Mr.  Lee  and  the  geologic  relations  arc  given  from 
his  observations.    The  report  on  the  examination  of  the  thin  sections  was  made  in  1906. 
0  References  are  to  original  specimen  numbers;  see  list.  p.  — . 
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both  in  small  and  thin  and  in  large  and  stout  prisms,  the  latter  being 
sometimes  irregular  in  form.  The  accessories  occur  within  both  the 
quartz  and  the  feldspar. 

Farther  to  the  south,  in  Williams  Canyon,  the  banding  of  the 
underlying  rocks  becomes  much  more  marked,  giving  long-drawn-out 
black  and  white  bands  (A— 49),  for  which  reason  the  name  of  *' Banded 
Canyon''  is  applied  to  the  gorge  through  which  Williams  River  flows. 
Lee  describes  the  rock  as  apparently  continuous  with  the  granitic 
rocks  to  the  north,  although  the  transition  was  not  followed.  Mega- 
scopically  the  rock  is  aphanitic,  black  and  white  banded,  the  black 
bands  occasionally  showing  white  phenocrysts  and  rounded  inclusions. 
Under  the  microscope  the  texture  is  markedly  schistose.  The  con- 
stituents are  irregular  rounded  grains,  very  variable  in  size,  of  horn- 
blende, orthoclase,  some  plagioclase,  and  a  Uttle  quartz.  There  is 
much  chlorite,  and  a  little  epidote  and  titanite. 

EFFUSIVE  ROCKS. 
OLDER   ANDESITE. 

Some  time  during  the  Tertiary  period,  after  the  Paleozoic  and 
Mesozoic  sediments  had  been  removed  from  the  area  and  the  under- 
lying granite  deeply  eroded,  began  a  period  of  volcanic  activity. 
The  earliest  erupted  rocks  of  which  traces  now  remain  were  andesites, 
a  remnant  of  which  occurs  at  Black  Mesa,  north  of  Boundary  Cone 
(A-11).  It  here  appears  to  underlie  and  is  cut  by  dikes'  of  rhyolite 
(A-r2).  This  is  the  only  area  where  any  eruptive  rock  is  definitely 
known  between  the  rhyolite  and  the  granite.  In  several  places  the 
andesite  (A-40,  A-41)  rests  directly  upon  the  granite,  but  no  rhyolite 
occurs  above  it,  and  consequently  the  later  flow  and  the  intervening 
rocks  may  have  been  eroded.  The  andesite  from  Black  Mesa  is,  then, 
as  described  above,  beneath  the  rhyolite  and  is  cut  by  it;  and  since 
within  the  rhyolite  flow  breccia  from  various  parts  of  the  region 
andesite  fragments  occur,  it  is  very  probable  that  this  rock  is  in  place 
and  is  older  than  the  rhyolite. 

Megascopically  this  andesite  (A-11)  is  dark  reddish  gray  in  color 
and  shows  numerous  white  phenocrysts  in  a  fine  aphanitic  ground- 
mass.  Under  the  microscope  the  texture  is  porphyritic  and  sem- 
patic.  The  phenocrysts  are  fairly  regular  laths,  some  of  which  are 
partially  and  some  completely  altered.  The  partially  altered  phe-. 
nocrysts  are  plagioclase,  which  still  show  indistinctly  the  original 
twinning,  but  the  extinction  angle  can  not  now  be  determined.  They 
have  an  index  of  refraction  higher  than  Canada  balsam,  and  are  much 
altered  to  calcite,  sericite,  and  kaolin.  Besides  these,  there  are  fewer 
chlorite  pseudomorphs  and  still  less  magnetite.  The  chlorite  pseu- 
domorphs  are  lath-shaped  and  are  very  similar  in  form  and  size  to 
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the  plagioclase  laths.  None  of  the  oiigmal  mineral  remains,  and  there 
is  occasionally  a  center  of  calcite.  Possibly  they  are  pseudomorphs 
after  hornblende.  The  magnetite  occurs  in  irregular  and  corroded 
grains  and  is  usually  surrounded  by  a  rusty  rim.  By  incident  Ught 
the  surface  appears  black  and  metallic,  but  with  rusty  patches,  the 
smaller  grains  sometimes  having  the  entire  surface  rusty.  The 
groundmass  is  anisotropic  and  full  of  altieration  products,  and  con- 
sists of  xenomorphic  laths  and  patches  of  feldspar,  much  altered  to 
kaolin,  sericite,  and  chlorite,  and  of  magnetite  grains  and  dust.  It 
has  the  appearance  of  having  originally  contained  small  lath-shaped 
feldspars.  Whether  there  was  also  originally  orthoclase  is  indeter- 
minable. Kaolin  occurs  as  a  secondary  product  in  semiopaque 
patches  in  the  groundmass  and  in  the  feldspar  phenocrysts. 

RHYOLITE    SERIES. 

Resting  upon  the  andesite  at  Black  Mesa,  and  in  other  places 
directly  upon  the  granite,  is  a  thick  series  of  rhyolites,  rhyolite  flow 
breccias,  and  tuffs,  which  reach  a  thickness  of  3,000  feet  or  more. 
They  are  all  clearly  older  than  some  of  the  andesites  (107,  A-18)  and 
older  than  all  of  the  basalts.  In  the  field  the  general  appearance  of 
the  rhyolite  is  white  to  pink,  making  a  sharp  cimtrast  with  the  under- 
lying granite  and  the  overlying  andesites  and  basalts.  Usually  the 
flows  are  massive,  often  brecciated,  and  often  very  coarse  agglom- 
eratic,  with  angular  blocks  having  a  maximum  diameter  of  several 
feet.  In  places  these  included  fragments  are  rounded  and  the  bed- 
ding of  the  tuffs  is  horizontal.  No  attempt  was  made  to  separate 
the  rhyoUte  into  distinct  flows,  as  might  be  possible  with  more  detailed 
study.  The  areas  at  which  the  specimens  studied  were  collected 
being  in  many  cases  far  removed  from  the  others,  it  is  impossible  to 
correlate  the  relative  geologic  positions. 

The  rhyolites  may  be  divided  into  four  groups — ^flow  breccia,  ash, 
normal  rhyolite,  and  spheruUtic  rhyolite. 

In  general  the  megascopic  appearance  of  the  rhyolite  flow  breccia 
is  white  to  pink,  with  included  irregular  dark-brown  fragments,  usually 
small.  Under  the  microscope  the  appearance  of  all  (101,  A-13,  A-19, 
A-35)  is  very  similar.  The  rock  consists  of  a  glass  full  of  bubbles, 
often  in  flow  Unes  and  sometimes  devitrified.  It  is  full  of  irregular 
and  broken  fragments  of  orthoclase,  quartz,  sometimes  a  Uttle  biotite, 
microcline,  apatite,  plagioclase,  and  hornblende,  several  or  all,  and 
usually  some  iron  ore.  Some  of  the  specimens  are  altered  and  con- 
tain, besides  iron  oxide,  much  calcite.  Besides  the  mineral  frag- 
ments contained  in  the  glass,  there  are  irregular  dark  and  altered 
inclusions  of  andesite,  which  clearly  indicate  that  there  was  a  pre- 
vious eruption  of  a  basic  rock.     No  correlation  is  possible,  however, 
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between  these  fragments  and  the  single  specimen  obtained  from  the 
flow  below  the  rhyolite  at  Black  Mesa.  There  may  have  been,  and 
probably  were,  volcanic  eruptions  previous  to  that  of  the  rhyohte, 
of  which  now  no  trace  remains,  and  the  fragments  in  the  rhyohte  flow 
breccia  indicate  that  the  andesite  was  much  more  extensive  than  at 
the  present  time. 

West  of  Boulder  Canyon  in  Colorado  River  is  a  volcanic  tuff  (A-39). 
It  is  gray  to  pink  in  color,  ashlike,  gritty,  very  friable,  and  fine  grained, 
and  occurs  in  horizontal  beds.  Under  the  microscope  it  is  tuffaceous 
and  is  composed  chiefly  of  small  angular  glass  fragments,  needle-Uke 
and  in  flakes,  and  contains  a  few  very  small  and  irregular  quartz 
grains. 

Compact  normal  rhyolite  (117,  A-7,  A-12,  A~43)  occurs  within 
the  rhyohte  series,  but  no  attempt  was  made  to  find  the  relation- 
sliip  which  may  exist  between  these  flows  and  the  sheets  of 
breccia,  flow  breccia,  and  so  on,  in  which  it  occurs.  Megascopically 
these  rocks  are  white  or  pink  and  sometimes  banded.  Under  the 
microscope  a  glassy  flow  texture  is  plainly  seen  in  one  of  the  rocks 
(A-43),  while  in  othei*s  (11 7, A-7), although  now  devitrified,  the  flow 
texture  can  be  clearly  made  out.  In  117  the  original  flow  lines  of 
the  groundmass  show  in  polarized  light  by  the  fact  that  there  are 
larger  and  more  numerous  quartz  j)articles  along  certain  lines,  while 
areas  between  these  lines  are  much  finer  grained,  and  very  often  the 
centers  of  these  areas  are  almost  entirely  isotropic.  In  the  specimen 
from  Black  Mesa  (A-12),  from  the  region  where  the  andesite  (A-11) 
underlying  the  rhyolite  was  obtained,  no  flow  texture  can  now  be 
made  out.  It  is  completely  devitrified  and  is  now  an  aggregate  of 
({uartz  and  feldspar.  According  to  Lee,  this  rhyolite  occurs  in  dike- 
like intrusions  and  in  sheets  overlying  the  andesite,  a  fact  which 
clearly  proves  the  older  age  of  the  andesite,  provided  that  the  intruded 
and  overlying  rocks  are  both  like  the  specimen  (A-12).  All  of  the 
sections  are  perpatic.  In  some,  fragments  of  orthoclase,  a  Uttle 
plagioclase,  and  some  quartz  occur,  and  in  others  the  original  phe- 
nocrysts  are  much  altered.  Magnetite  and  zircon  are  accessory,  and 
calcite  and  zeolites  secondary  minerals.  Chlorite,  from  an  original 
femic  mineral,  occurs  in  117. 

Two  of  the  rhyolite  specimens  are  sphemlitic  (A-1,  A-8).  Mega- 
scopically these  specimens  are  pink,  sphemlitic,  and  full  of  large 
irregular  cavities,  occasionally  filled  with  quartz  crystals.  Under 
the  microscope  the  rock  shows  very  few  phenocrysts  of  orthoclase, 
plagioclase,  and  biotite,  and  rather  rare  magnetite  crystals  in  a  sphem- 
litic groundmass.  In  one  specimen  (A-8)  the  entire  rock  is  filled  with 
trichites,  generally  in  hairlike  bunches.  Sometimes  margarites  occur — 
that  is,  hairlike  strings  of  globules;  and  in  places  microhtes  appear 
in  schools.     In  the  specimen  from  Wickenburg  (A-1)  there  is,  in  the 
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groundmass,  besides  the  spherulites,  a  quartz-orthoclase  aggregate  in 
finger-like  interlocking  particles.  The  rock  is  rather  dark  wdth  feritic 
material,  and  there  is  considerable  kaolin  and  other  alteration  prod- 
ucts. In  the  rays  of  the  spherulites  there  is  often  a  deposit  of  red 
hematite  or  limonite,  and  cubes  of  what  may  have  been  magnetite 
show  a  slight  red  edge  in  transmitted  light,  as  though  altered  to 
limonite. 

YOUNGER    ANDESITES. 

Definitely  in  place  in  a  number  of  localities  above  the  rhyolite  is 
an  andesite  (107,  A-18).  This  is  much  more  limited  in  extent  than 
the  earlier  flow.  A  number  of  other  andesites  which  occur  in  the 
area  either  rest  directly  upon  the  granite  (A-40,  A-41)  or  are  in 
masses  ii^lated  from  the  other  effusives,  so  that  no  relationship  is 
seen  (112,  A-2,  A-42) ;  they  may  belong  either  to  the  upper  flow,  the 
underlying  rhyolite  having  be^n  eroded,  or  to  the  earlier  flow.  In 
the  field  all  of  the  andesites  are  of  a  dark-red  to  brown  color,  are  often 
vesicular,  and  are  often  veiy  hard  to  distinguish  from  the  overlying 
olivine  basal t^s. 

The  two  specimens  (107,  A-18)  from  above  the  rhyolite  are  dark 
reddish  black  in  color  and  are  vesicular,  with  more  phenocry^sts  in  A- 
18  than  in  107.  Under  the  microscope  the  two  rocks  are  very  similar 
in  appearance.  Both  of  them  are  porphyritic-int^rsertal  in  texture 
and  contain  more  phenocrysts  than  groundmass.  The  phenocrysts 
occur  in  two  generations  and  consist  of  plagioclase  (ande^sine  to  lab- 
radorite),  augite,  and  magnetite.  The  larger  plagioclase  crystals 
occur  as  irregular  fragments,  often  zonal,  wliile  the  smaller  occur  in 
perfect  laths.  There  is  much  less  augite  than  plagioclase.  Tliis  also 
occurs  in  two  generations,  and  in  each  case  is  less  in  amount  than  the 
corresponding  generation  of  plagioclase.  Two  generations  of  mag- 
netite, less  in  amount  than  the  augite,  occur  in  quadratic  and  irregu- 
lar crystals  and  grains.  Of  these  the  larger  crystals  are  less  in  amount 
and  the  grains  are  smaller  than  the  second  generation  of  augite,  and 
the  small  crystals  are  very  small  and  are  scattered  through  the  ground- 
mass  in  isometric  crystals.  They  occasionally  occur  in  the  augite, 
but  very  rarely  in  the  feldspar.  The  groundmass  in  both  specimens 
is  isotropic  and  consists  of  brown  glass  full  of  magnetite — so  much 
in  A-18  that  it  is  nearly  opaque. 

Specimens  A-40  and  A-41,  from  sheets  in  the  walls  of  Black  Canyon, 
are  augite  andesite;  possibly  the  latter  at  one  time  contained  olivine; 
if  so,  it  was  an  olivine  basalt.  Megascopically  they  are  medium  dark 
red-brown  in  color,  with  more  or  less  black  and  white  phenocrysts  in 
an  aphanitic  groundmass.  Under  the  microscope  they  are  porphy- 
ritic  and  sempatic.  The  phenocrysts  of  40  consist  of  broad,  irregular 
laths,  and  the  groundmass  is  apparently  a  devitrified  glass,  fuU  of 
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dust  and  grains  of  magnetite  and  hematite.  Specimen  41  has  pheno- 
crysts  of  plagioclase,  somewhat  greater  in  amount  than  augite  and 
much  greater  than  some  red-brown  pseudomorphs  which  may  be 
altered  biotite  or  olivine.  The  groundmass  in  this  specimen  is  in 
laths  and  irregular  patches,  much  of  which  is  definitely  plagioclase. 
Besides  the  feldspar,  much  black  and  red  iron  oxide  and  shreds  of 
augite  and  dark  altered  biotite  (?)  occur. 

A-42  is  a  biotite-augite  andesite  from  a  sheet  forming  Eagle  Rock, 
near  Little  Round  Island,  and  is  similar  in  character  to  the  two  pre- 
ceding. The  phenocrysts,  less  in  amount  than  the  groundmass,  are, 
in  the  order  of  their  importance,  plagioclase,  biotite,  diopside,  and 
magnetite.^  The  plagioclase  is  andesine  to  labradorite.  The  biotite 
has  a  peculiar  de^p  red-brown  color,  is  pleochroic  with  I)=b*rownisli 
red  and  a=greenish  yellow,  and  has  much  the  appearance  of  basaltic 
hornblende.  It  has,  however,  parallel  extinction,  gives  a  uniaxial  in- 
terference figure,  shows  parallel  cleavage  in  laths,  has  the  '^binrs-eye 
maple"  surface,  and  is  optically  negative.  It  always  has  a  dark  rim 
of  magnetite.  The  pyroxene  is  pale  gre^n  in  color,  is  nonpleochroic, 
has  an  extinction  of  about  40°,  and  has  good  cleavage — parallel  in 
laths  and  at  right  angles  in  basal  sections.  It  is  diopside.  Both  the 
plagioclase  and  the  pyroxene  are  much  altered  to  calcite.  The  ground 
mass  is  yellowish  to  red,  cloudy,  and  apparently  partially  devitrified 
glass  full  of  red  ore  dust.  Most  of  the  anisotropic  part  of  the  ground- 
mass  is  spherulitic  or  contains  innumerable  microlites. 

South  of  SeUgman  there  is  a  hypersthene  andesite  (113).  This  is 
from  the  lower  of  two  flows,  the  upper  of  which  is  darker  and  may  be 
basalt,  though  no  specimen  was  examined.  Megascopically  113  is 
a  dark-gray  rock  with  wliite  patches  and  occasional  calcite  fillings  in 
cavities.  Microscopically  the  texture  is  porphyritic  and  dopatic.  The 
phenocrysts  are  either  thin  or  broad  laths,  and  the  groundmass  is 
hypautomorphic.  The  phenocrysts,  in  the  order  of  their  abundance, 
are  plagioclase,  augite,  and  hypersthene.  The  feldspar  occurs  in  both 
large  and  small  laths.  The  stout  crystals  are  not  twinned  and  are 
always  zonal;  the  narrow  crystals  are  usually  twinned  and  give  an 
extinction  between  20°  and  25°,  or  that  of  andesine.  In  the  zonal 
feldspars  the  index  of  refraction  at  the  center  is  higher  than  at  the 
rims;  the  interference  figures  are  positive,  and  show  a  comparatively 
small  value  for  2E.  This  excludes  all  the  feldspars  but  andesine  and 
labradorite.  Since  the  rims  have  a  lower  index  but  are  still  positive 
in  character,  it  shows  that  the  feldspar  is  either  labradorite  or  andesine 
or  both,  and  that  the  interior  is  more  basic  than  the  exterior.  The 
femic  minerals  consist  of  very  irregular  grains  of  a  greenish  pyroxene 
with  a  high  extinction  angle — augite;  and  another  pyroxene  occur- 
ring in  elongated  prisms  with  longitudinal  cleavage,  having  parallel 
extinction,  showing  high  interference  colors,  optically  negative,  and 


IGNEOUS   ROCKS   OF   WESTERN   ARIZONA.  87 

slightly  pleochroic  in  pink  and  green  tones — hypersthene.  Magnetite 
occurs  in  grains  which,  in  size,  grade  into  the  groundmass.  There  is 
no  definite  line,  and  it  is  in  such  irregular  grains  that  it  may  be  included 
with  either  the  phenocrysts  or  the  groundmass.  Exclusive  of  the 
femic  minerals,  the  groundmass  is  made  up  of  xenomorphic  areas  and 
laths  of  feldspar  which  are  probably  of  the  same  kind  as  the  large 
phenocrysts.  The  xenomorphic  feldspar  has  an  index  of  refraction 
greater  than  Canada  balsam  and  is  consequently  plagioclase,  but  the 
areas  are  so  small  that  the  kind  is  indeterminable.  Besides  the  feld- 
spar there  is  an  isotropic  substance  which  occurs  in  very  small  anhe- 
drons  and  which  may  be  glass  or  a  zeoUte.  The  groundmass  is  full 
of  magnetite  dust  and  there  is  an  alteration  product  in  the  cleavage 
cracks  of  some  of  the  feldspars  which  is  anisotropic  and  has  an  index 
of  refraction  less  than  Canada  balsam.     It  is  a  zeolite. 

Twenty-five  miles  west  of  Congress  Junction  there  occurs  a  coarse 
breccia  formed  of  large  angular  blocks  cemented  with  red  material. 
Megascopically  the  specimen  (A-2)  has  a  red  compact  groundmass, 
and  there  are  phenocrysts  of  hornblende  forming  about  one-eighth 
of  the  mass.  Microscopically  the  texture  is  porphyritic  and  perpatic. 
The  phenocrysts  are  hornblende,  much  less  plagioclase,  and  still  less 
biotite.  The  hornblende  is  very  peculiar  in  several  ways.  It  has  a 
very  low  extincticm  angle,  generally  appearing  as  parallel,  the  largest 
found  being  only  3|°— that  is,  c:  jC  is  circa  4°.  The  pleochroism  is 
also  pecuUar.  For  a  it  is  a  greenish  yellow,  while  for  jc  it  is  a  deep 
red-brown.  Absorption  C>a.  The  elongation  is  parallel  to  c,  and 
therefore  it  is  positive,  while  the  optical  character  of  the  mineral  is 
negative.  Surrounding  the  mineral  there  is  always  a  dark  rim  of 
iron  oxide.  This  is  usually  black,  but  occasionally  it  shows  a  red 
tone.  The  cleavage  is  good,  parallel  to  <!•  in  lath-shaped  sections,  and 
in  basal  sections  the  usual  amphibole  cleavage.  The  mineral  is  ba- 
saltic hornblende.  The  feldspar  is  generally  zonal  ami  is  positive  in 
character.  It  is  between  andesine  and  labradorite.  Actually  the 
amount  of  plagioclase  that  occurs  is  much  less  than  the  amount  of 
hornblende,  but  the  phenocrysts  of  feldspar  have  either  weathered 
out  or  been  ground  out  in  preparing  the  thin  section.  Apparently 
they  were  originally  much  more  numerous  and  both  longer  and  broader 
than  the  hornblende.  Biotite  occurs  in  a  very  few  long,  thin  flakes. 
It  has  dark  rims,  and  magnetite  is  included  along  the  cleavage  lines. 
Pleochroism  is  brownish  to  greenish.  Magnetite  occurs  in  irregular 
grains.  The  groundmass  consists  chiefly  of  laths  of  plagioclase,  which 
have  an  extinction  angle  of  30°  and  are  consequently  labradorite. 
Between  the  feldspar  laths  there  is  a  much  iron-stained  substance 
which  is  probably  glass.  Iron  oxide  occurs  in  the  form  of  very  fine 
dust  and  in  patches,  producing  the  red  color  of  the  rock. 
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OLIVINE    BASALTS. 

Resting  upoji  the  andesite,  upon  the  rhyolite,  or  even  upon  the 
granite,  and  also  upon  and  within  Quaternary  gravels,  depending  upon 
the  amount  of  erosion  that  has  taken  place,  is  a  series  of  olivine 
basalts — the  youngest  lava  in  the  region.  There  are  at  least  three 
flows  of  this,  but  it  is  impossible,  from  the  amount  of  field  work 
done,  to  correlate  the  different  sheets  in  different  parts  of  the  area. 
Five  or  six  varieties  can  be  distinguished  under  the  microscope,  but 
they  may  be  but  different  phases  of  the  same  rock,  a  greater  or  less 
development  of  olivine  or  a  coarser  or  finer  groundmass  forming 
the  various  types.  This  difference  in  appearance  may  be  seen  eveji 
in  two  sections  (as  110,  111)  which  have  been  collected  near  to- 
gether from  undoubtedly  the  same  flow  and  which  show  different 
characters.  Five  types  may  be  distinguished,  according  to  the  fine- 
ness of  the  groundmass:  (A)  110,  111,  3,  45;  (B)  15,  16,  24,  25,  27; 
(C)  37,  46;    (D)  22,  23;    (E)  30,  34. 

Occasionally  the  field  relation  can  be  seen;  thus,  24  is  from  a  sheet 
overlying  25;  15  is  from  a  sheet  intruded  into  the  rhyolite  and  lifting 
it;  and  16  is  from  a  sheet  above  the  rhvolite. 

In  the  field  the  general  appearance  of  the  basalt  is  black  or  very 
dark  red.  In  general  it  is  darker  in  color  than  the  underlying  ande- 
site  and  is  often  vesicular  and  ropy.  Where  it  rests  upon  the  rhyolite 
it  forms  sharp  cUffs.  In  many  places  it  forms  flows  in  erosion  val- 
leys, and  though  actually  lower  in  position,  is  higher  geologically. 

Megascopically  the  hand  specimens  are  compact  and  vary  in  color 
from  black  through  dark  gray  to  dark  brownish  red.  Occasionally 
there  is  a  somewhat  banded  arrangement — that  is,  alternating  bands 
of  a  lighter  color.  Under  the  microscope  the  texture  of  all  the  speci- 
mens is  porphyritic,  with  a  groundmass  generally  trachytic  and  with 
the  small  plagioclase  latlis  in  subparallel  position.  In  general  the 
phenocrysts  of  the  rock  are  olivine,  or,  when  other  minerals  occur, 
they  are  greatly  in  the  minority.  In  four  specimens,  however  (22, 
23,  45,  46),  the  phenocrj^sts  are  chiefly  plagioclase. 

In  specimens  22  and  A-23  the  plagioclase  phenocrysts  are  greatly 
in  excess  of  the  olivine,  and  the  latter  are  much  in  excess  of  the 
augite.  The  groundmass  is  much  coarser  than  A-45  and  consists 
of  plagioclase  laths  and  areas,  less  augite  grains,  and  still  less  magne- 
tite. The  feldspar  is  labradorite.  Olivine  is  very  much  altered  to  a 
red-brown  mineral  which  may  be  iddingsite  or  an  iron-stained  ser- 
pentine. Some  of  the  olivine  is  fresh  and  shows  simply  an  altered 
rim  or  altered  center. 

A-45  is  perpatic,  has  a  much  finer  groundmass  than  either  A-22 
or  A-23,  and  does  not  contain  prominent  augite  grains  in  the  ground- 
mass.     The  constituents,  in  the  order  of  their  abundance,  are  plagio- 
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clase,  augite,  olivine,  and  magnetite.  The  feldspar  is  labradorite  or 
andesine.  The  olivine  occurs  in  doubly  terminated  crystals,  only 
slightly  altered. 

A-46  is  very  similar  to  A-23,  except  that  the  diflFerence  between 
the  size  of  the  grains  in  the  groundmass  and  the  phenocrysts  is  not 
so  great. 

Specimens  110,  111,  and  A-3  are  similar  to  A-45,  in  having  a  verj^ 
fine  groundmass.  The  phenocrysts  of  110  and  111  are  augite  and 
biotite  in  about  equal  amounts,  and  less  of  a  completely  altered  red- 
brown  mineral  which  may  have  been  olfvine.  The  biotite  and  augite 
are  usually  altered  in  part  also,  and  are  surrounded  by  black  rims. 
The  groundmass  consists  of  lime-soda  feldspar  laths  in  subparallel 
position  in  swirling  eddies — a  trachytic  texture.  There  are  also  a  few 
small  irregular  patches  in  the  groundmass  which  have  an  index  of 
refraction  less  than  Canada  balsam  and  are  faintly  anisotropic. 
They  may  be  analcite,  but  are  too  small  to  determine.  Caleite 
occurs  as  a  secondary  product,  and  magnetite  occurs  in  a  few  large 
crj^stals  as  well  as  in  small  grains  in  the  groundmass. 

In  A-3  there  are  more  augite  phenocrysts  than  oUvine.  The  latter 
is  altered,  completely  or  in  cracks,  to  a  red-brown  mineral,  which 
has  an  index  of  refraction  much  less  than  that  of  the  olivine  and  is 
fibrous.  It  appears  to  be  iron-stained  serpentine.  Magnetite 
occurs  within  the  olivine  in  rather  large  grains  and  crystals.  The 
groundmass  consists  of  laths  of  labradorite  in  broad  flow  lines  swirling 
around  the  olivine  phenocrysts.  Almost  invariably  they  are  twinned 
according  to  the  albite  law,  and  show  an  extinction  angle  in  the 
neighborhood  of  30°.  Between  the  feldspar  laths  is  much  augite, 
pale  green  in  color,  and  occurring  in  irregular  grains,  never  in  well- 
formed  crystals  or  laths.  Somewhat  less  in  amount  is  magnetite, 
which  occurs  in  cubical  and  irregular  sections.  Less  in  amount  than 
the  magnetite  and,  Uke  it  and  the  augite,  occurring  in  irregular 
grains  between  the  feldspar  laths,  is  a  reddish-brown  mineral  which 
has  an  index  of  refraction  apparently  greater  than  the  augite.  The 
grains  are  small  and  irregular,  so  that  the  determination  is  impossible. 
It  appears  to  be  partially  altered  olivine. 

Somewhat  coarser  in  texture  under  the  microscope  than  the  above 
are  A-15,  A-16,  A-24,  A-25,  A-27,  A-37.  Of  these,  A-15  and  A-16 
have  phenocrysts  of  oUvine,  augite,  and  plagioclase,  with  hornblende 
and  biotite  also  in  A-16.  The  olivine  phenocrysts  are  generally 
entirely  altered  to  a  brownish-red  serpentine  and  are  usually  ground 
out  in  the  centers  in  preparing  the  section.  The  groundmass  of  A-15 
is  a  dark  glass  full  of  small  laths  of  plagioclase,  laths  of  augite,  and 
grains  of  red  iron  oxide,  while  A-16  has  a  groundmass  of  dark  glass 
full  of  innumerable  small  feldspar  laths  and  microUtes  and  magnetite 
dust. 
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A-24,  A-25,  A-27,  and  A-37  are  very  similar  in  appearance. 
The  texture  of  all  of  them  is  porphyxitic,  with  phenocrysts  of  olivine 
and  a  groundmass  made  up  of  laths  of  feldspar  and  grains  of  augite 
and  magnetite  and  glass  full  of  magnetite  dust.  The  amount  of 
glass  is  small  and  fills  spaces  between  the  plagioclases,  but  these 
spaces  are  very  few  and  hardly  show  in  the  tliickness  of  the  section. 
The  oh  vine  phenocrysts  are  rather  fresh,  being  generally  altered  only 
around  the  rims.     Secondary  calcite  is  common. 

A-37  has  more  plagioclase  than  A-24  and  the  olivine  is  entirely 
altered  to  a  dirtv  brownish-black  substance. 

A-30  and  A-34  are  porph^Titic,  with  irregular  rounded  to  angular 
crystals  of  olivine  which  are  perfectly  fresh.  Some  magnetite  may 
be  classed  with  the  phenocrysts.  The  groundmass  consists  of  long, 
narrow  laths  of  labradorite  with  extinction  angles  of  from  32°  to  35°, 
and  a  less  amount  of  a  purplish,  verv^  slightly  pleochroic  augite, 
which  fills  the  interspaces.  The  augite  is  not  in  typical  ophitic  form, 
but  in  irregular  laths  which  fill  the  interstices.  Generally  it  is  very 
fresh,  although  there  are  patches  of  serpentine  in  the  groundmass, 
some  of  which  is  definitely  derived  from  olivine.  Within  the  augite 
there  is  a  great  deal  of  magnetite  in  strings  and  in  skeleton  crj^stals, 
in  beautiful  l)ranching  forms. 

DIKE  ROCKS. 
OLIVINE   DIABASE. 

Cutting  the  rhyoHte  at  the  eastern  edge  of  Black  Mesa,  in  Gold 
Roads  Pass  at  Mud  Spring,  is  a  large  dike,  some  25  feet  in  thickness, 
of  olivine  diabase  (A-14),  apparently  connected  with  a  dark  sheet 
which  overlies  the  rhyolitc.  Megascopically  the  rock  is  dark  in 
color  and  is  rather  coarsely  granular.  Under  the  microscope  it  has 
a  typical  ophitic  texture  and  there  is  more  feldspar  than  augite.  The 
feldspar  occurs  in  twinned  laths  with  a  maximum  extinction  angle 
of  31°,  and  is  labradorite.  It  is  very  fresh,  although  occasionally  it 
contains  serpentine  in  cleavage  cracks.  Fresh  augite  in  less  amount 
than  the  plagioclase  fills  the  interspaces  between  the  feldspar  laths. 
It  is  pale  purple  in  color,  and  is  nonpleochroic  or  verj'  slightly  pleo- 
chroic. It  contains  a  small  amount  of  iron  oxide  in  extremely  fine 
particles.  Olivine,  less  in  amount  than  the  augite,  occurs  in  irregu- 
lar rounded  grains,  mostly  small,  though  some  are  large.  Some  of 
the  olivine  is  altered  to  serpentine,  chlorite,  and  red  iron  oxide 
around  the  edges  and  in  cracks.  Magnetite  occurs  in  still  less  amount 
and  in  irregular  grains. 

RHYOLITE   PORPHYRY. 

At  the  base  of  Boundary'  Cone  is  a  plug,  or  dike  from  a  plug,  of 
rhyolite  porphyry  (A-10).     Megascopically  it  is  a  pink,  fine-grained 
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rock,  with  quartz  and  feldspar  phenocn'-sts.  Under  the  microscope 
the  texture  is  porphjTitic  and  dopatic.  The  phenociysts  are  large, 
occasionally  somewhat  corroded,  and  the  groundmass  is  xenomorphic- 
holocrystalline.  The  phenocrysts  are  orthoclase,  greater  in  amount 
than  quartz,  and  much  greater  than  acid  plagioclase.  The  plagio- 
clase  occurs  in  but  few  crystals;  it  has,  in  part  at  least,  an  index  of 
refraction  less  than  Canada  balsam,  and  is  probably  all  albite.  The 
groundmass  is  a  quartz-feldspar  aggregate  with  much  hematite. 
Secondary  kaolin  and  sericite  are  derived  from  the  feldspar,  and  the 
red  iron  oxide  perhaps  from  magnetite. 

ROCK  SAMPLES  FROM  NORTHWESTERN  ARIZONA. 

Following  is   a  list   of  rock  samples   collected   in   northwestern 
Arizona  with  the  original  specimen  numbers : 

A-().     Granitic  gneiss  from  south  end  of  Hiialpai  Mountains. 

A-]().  Granite  fK)rphyry  from  l)ase  of  Boundary  Cone  west  of  lUack  Mesa. 

A— 14.  Biotite  granite  from  mouth  of  Williams  River. 

A-49.  Granite  gneiss  from  Williams  Canyon. 

J 01.      Rhyolite  flow  breccia  from  I>ost  Basin,  about  5  miles  south  of  Colorado  River, 

in  a  depression  of  older  crystalline  rock. 
A-3r>.  Rhyolite  breccia  from  Temple  Bar. 

A-7.     Rhyolite  from  southern  end  of  Black  Mesa,  at  base  of  cliffs. 
A-39.  Rhyolitic  tuff  from  Colorado  River  west  of  Boulder  Canytm. 
A-12.  Rhyolite  from  Black  Mesa,  at  Gold  Roads. 
A-13.  Rhyolitic  tuff  from  Black  Mesa,  in  pass  east  of  Gold  Roads. 
A-19.  Rhyolitic  tuff  from  Black  Mesa,  at  summit  of  Unicm  Piiss. 
A-43.  Rhyolitic  tuff  from  bluffs  of  (/olorado  River  in  Chemehuevis  Valley. 
A-2.     Ilomblende  andesite  from  southern  end  of  Aquarius  Mountains,  a  few  miles 

north  of  Date  Creek. 
A-11.  Andesite  from  Black  Mesa,  north  of  Boundary  Cone. 
A-^0.  Andesite  from  north  end  of  Black  Canyon. 
A-41.  Andesite  from  south  end  of  Black  Canyon. 
A-42.  Andesite  from  Eagle  Rock,  near  Little  Round  Island. 
107.      Andesite  from  coyote  holes  northwest  of  Kingman,  at  western  edge  of  mesa. 
A-18.  Andesite  from  a  sheet  above  the  rhyolite  2  miles  northwest  of  Kingman. 
110,  111.  Basalt  from  a  flow  sheet  300  feet  thick  resting  on  top  of  400  feet  of  varicolored 

ash  and  breccia  at  mouth  of  WTiite  Cliff  Creek. 
112.     Andesite  resting  on  granite  at  top  of  Cottonwood  Cliffs  near  mouth  of  Cottcm- 

wood  Creek,  1,200  feet  above  Nos.  110  and  111. 
A-3.     Olivine  basalt  from  a  sheet  in  the  detrital  beds  of  Santa  Maria  Canyon,  near 

mouth  of  Big  Sandy  Wash. 
A-15.  Basalt  intruded  into  the  rhyolite  1  mile  west  of  Kingman. 
A-lfi.  Basalt  fn)m  a  flow  sheet  above  the  rhyolite  1  mile  west  of  Kingman. 
A-27.  Olivine  basalt  from  a  sheet  al)ove  the  andesite  near  Kingman. 
A-30.  Olivine  basalt  from  a  columnar  sheet  resting  on  the  Temple  Bar  conglomerate 

north  of  Colorado  River  in  Grand  W^ash. 
A -34.  Olivine  basalt  from  a  flow  sheet  within  the  Temple  Bar  conglomerate  near 

^r**ggs  Ferr)'. 
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A-14.  Olivine  diabase^  from  the  eaateni  edge  of  Black  MeHa,  at  ineatlow  spring  in  Gold 

Roads  Paas;  dike  cutting  the  rhyolite. 
A-22.  Olivine  basalt  from  Mud  Spring  at  eastern  edge  of  Black  Mesa. 
A-23.  Olivine  basalt  from  north  end  of  Cerbat  Mountains. 
A-24.  Olivine  basalt  from  a  sheet  resting  upon  granite  east  of  Cerbat  Mountains. 
A-25.  Olivine  basalt  from  a  sheet  resting  above  A-24. 
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GEOLOGY  OF  THE  TAYLORSVILLE  REGION  OF 

CALIFORNIA. 


By  J.  S.  DiLLER. 


INTRODUCTION. 

LOCATION  AND  EXTENT. 

The  Taylorsville  region  is  a  triangular  area  on  the  northern  end  of 
the  Sierra  Nevada  in  CaUfomia.  It  Ues  in  the  northeastern  angle 
between  the  fortieth  parallel  and  the  one  hundred  and  twenty-first 
meridian,  and  embraces  the  northeastern  part  of  Plumas  Coimty 
and  the  adjacent  portion  of  Lassen  County,  comprising  about  750 
scjuare  miles.  The  greater  portion  of  the  population  is  in  Indian 
Valley,  Genesee  Valley,  and  North  Arm.  The  town  of  Taylorsville, 
from  which  the  whole  region  is  here  named,  is  approximately  in  its 
center. 

OUTLINE  OF  THE  GEOGRAPHY  AND  GEOLOGY  OF  THE  REGION. 

Northern  CaHfomia  belongs  to  five  topographic  provinces,  con- 
sisting  of  three  mountain  ranges — the  Coast,  Cascade,  and  Sierra 
Nevada — and  two  valleys — the  Sacramento  and  the  valley  of  the 
interior,  which  forms  a  part  of  the  Great  Basin.  The  Coast  Range 
includes  the  Klamath  Mountains,  which  occupy  the  northwest  comer 
of  the  State.  Lassen  Peak,  the  southern  end  of  the  Cascade  Range, 
lies  between  the  Klamath  Mountains  and  the  Sierra  Nevada,  as 
shown  in  PL  I,  giving  them  apparent  continuity,  but  in  reality  sepa- 
rating them,  for  the  Cascade  Range  is  wholly  of  volcanic  origin  and 
presents  marked  contrast  to  the  Sierra  Nevada  and  Klamath  Moun- 
tains. The  Taylorsville  region  belongs  to  the  Sierra  Nevada,  but  is 
bordered  on  the  north  by  the  Lassen  Peak  portion  of  the  Cascade 
Range  and  on  the  east  by  the  Great  Basin. 

The  main  body  of  the  Sierra  Nevada  has  but  one  crest,  with  a  long, 
gentle  slope  southwestward  to  the  Sacramento  Valley  and  a  short, 
steep  slope  northeastward  to  the  Great  Basin.  It  appears  as  a  great 
block  of  the  earth's  crust  tilted  toward  the  southwest.    The  northern 


8 


THE  TAYLORSVILLE  REGION,  CALIFORNIA. 


end  of  the  range,  beyond  Lake  Tahoe,  has  three  crests,  those  of 
Clermont  Hill  ridge.  Grizzly  Mountains,  and  Diamond  Mountain, 
and  each  crest  has  a  valley  at  its  northeast  base.  The  western  crest, 
the  Clermont,  is  continuous  with  the  main  crest  of  the  range  north 
of  Lake  Tahoe.  American  and  Mohawk  valleys  Ue  to  the  northeast. 
The  other  two  are  crests  of  blocks  that  have  been  added  in  the  Tay- 
lorsville  region  on  the  northeast  of  the  main  block,  as  shown  in  fig.  1, 
causing  the  eastern  face  of  the  range  to  advance  in  that  direction 
nearly  to  Honey  Lake. 

The  geology  of  the  Sierra  Nevada  is  complex.  Although  the  range 
is  the  result  of  an  uplift  that  occurred  in  comparatively  recent  geo- 
logic time,  the  material  of  which  it  is  composed  involves  a  long  and 
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FiQ.  1.— Faults  limiting  the  Sierra  Nevada  on  the  northeast.    Heavy  black  lines  Indicate  position  of 

faults. 

varied  succession  of  deposits  of  sedimentary  and  igneous  rocks, 
extending  from  early  Paleozoic  to  the  close  of  Jurassic  time.  During 
that  long  period  the  Sierra  Nevada  region  was  beneath  the  sea, 
receiving  sediments  from  a  land  area  along  the  eastern  border  in 
Nevada.  About  the  close  of  the  Paleozoic  era  the  rocks  were  com- 
pressed and  folded,  and  were  intruded  to  some  extent  by  igneous 
rocks,  so  that  the  Mesozoic  sediments,  which  are  of  much  less  bulk 
than  the  Paleozoic,  were  deposited  upon  the  latter  unconformably. 
At  the  close  of  the  Jurassic  the  Sierra  region  was  again  greatly  com- 
pressed and  uplifted,  forming  a  prominent  moimtain  range.  The 
rocks  were  folded  and  rendered  schistose  or  platy  in  connection  with 
the  intrusion  of  great  masses  of  granitic  and  other  igneous  rocks. 
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Long-continued  erosion  during  the- Cretaceous  and  Tertiary  period, 
coupled  with  minor  oscillations  of  the  land,  reduced  the  Sierra 
Nevada  to  a  region  of  low  relief,  when  streams  flowed  in  broad,  shal- 
low valleys,  in  which  the  earlier  auriferous  gravels  accumulated. 
Among  the  finer  gravel  beds  are  fossil  leaves,  including  several  varie- 
ties of  figs,  oaks,  and  other  plants,  which  indicate  that  the  flora 
resembled  that  of  a  low  coastal  country  like  Florida.  Near  the  low 
crest  volcanic  vents  poured  forth  streams  of  lava,  which  followed 
the  watercourses,  covered  the  auriferous  gravels,  and  displaced  the 
streams.  With  this  volcanic  activity  and  stream  displacement  came 
differential  uplift,  which  greatly  increased  the  stream  grades  and 
caused  them  to  cut  the  deep  canyons  in  wliich  they  now  flow  down 
the  western  slope  of  the  Sierra,  leaving  the  auriferous  gravels  of 
their  old  beds  on  the  divides  far  above. 

TOPOGRAPHY. 

RELIEF. 

As  may  bo  seen  on  the  general  map  of  the  Honey  Lake  and  Tay- 
lorsville  regions  (PL  II),  the  reUef  consists  of  two  lines  of  crests  and 
of  two  vafleys,  all  having  a  northwest-southeast  trend,  parallel  to  the 
general  course  of  the  Sierra  Nevada.  On  the  one  hand  lies  the  valley 
of  Honey  Lake  and  Susan  Creek,  and  on  the  other  the  belt  of  valleys 
stretching  from  Mountain  Meadows  to  Genesee.  Between  these 
lines  of  valleys  lies  the  Diamond  Moimtain  block,  whose  crest  line  is 
l)rominent  from  McKesick  Peak  to  Diamond  Moimtain.  The  crests 
of  Grizzly  Mountains  and  Keddie  Ridge  belong  to  the  Grizzly  topo- 
graphic block,  and  both  blocks  lie  just  northeast  of  the  main  crest  of 
the  Sierra  Nevada  at  its  northern  end. 

DIAMOND   MOUNTAIN    BLOCK. 

The  Diamond  Mountain  block,  extending  from  Honey  Lake  south- 
westward  to  Grizzly  Mountains,  has  a  width  of  over  20  miles  and  a 
length  north  of  the  fortieth  parallel  of  over  50  miles.  Its  crest  line 
lies  close  along  its  northeastern  side,  from  McKesick  Peak  to  Dia- 
mond Mountain,  presenting  a  bold  escarpment  over  2,000  feet  high 
in  the  short  steep  slope  to  Honey  Lake.  The  slope  on  the  opposite 
side,  to  the  southwest,  is  long  and  gentle,  having  the  appearance  of  a 
plateau.  Beyond  Lone  Rock  the  block  gradually  narrows,  loses  its 
relative  elevation,  and  dies  out  in  a  plain  before  reaching  the  head 
of  Susan  Creek.  This  disappearance,  however,  is  due  more  to  the 
general  rise  of  the  adjoining  coimty  toward  Lassen  Peak,  as  shown 
by  the  drainage  lines,  than  to  any  decrease  in  the  general  elevation 
of  the  Diamond  Moimtain  crest,  for  it  maintains  its  elevation  of 
7,000  feet  near  the  end.  The  prominent  features  of  the  Diamond 
Mountain  block  are  the  escarpment,  the  plateau  slope,  and  the 
valleys  along  its  western  border. 
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THE   ESCARPMENT. 


The  escarpment  although  bold  is  not  generally  a  cliff,  and  at  two 
points  in  a  distance  of  40  miles  between  Willow  Ranch  and  Gold  Run 
it  is  traversed  by  wagon  roads.  It  is  remarkably  regular  with  few 
prominent  spurs  and  reentrants  and  gives  rise  to  no  considerable 
stream.  Gold  Run  marks  its  northern  terminus.  Beyond  that  point 
the  eastern  slope  is  as  long  as  the  western  and  the  divide  becomes 
symmetrical. 


THE   PLATEAU   SLOPK. 


The  general  features  of  the  plateau  are  best  displayed  about  the 
heads  of  Squaw,  Last  Chance,  and  Indian  creeks,  where  the  general 
altitude  is  about  6,000  feet,  rising  to  7,000  feet  at  a  number  of  points 
along  the  crest.  One  of  the  best  general  views  of  the  plateau  is  from 
the  slope  of  Kettle  Rock  Mountain  looking  southeast.  Although 
there  is  a  decided  conmiunity  of  altitude  suggesting  an  approximation 
to  a  common  level,  it  is  far  from  being  a  complete  plain,  and  yet  it 
may  well  be  called  a  peneplain.  Kettle  Rock  Mountain  is  the 
greatest  elevation  in  it,  rising  above  the  general  level  neariy  2,000 
feet,  but  for  the  most  part  by  such  gentle  slopes  that  the  difference 
of  altitude  is  not  out  of  harmony  with  the  peneplain.  The  gentle 
simtmiit  slopes  continue  northwest  into  Lassen  County  beyond  the 
limit  of  the  escarpment,  where  the  great  difference  between  the  two 
slopes  of  the  block  disappear. 

The  upper  courses  of  the  streams  are  in  broad,  shallow  valleys,  but 
as  they  approach  the  middle  portion  of  the  block  they  cut  deeper 
and  deeper  until  they  flow  in  canyons.  Lights  Canyon,  Cooks  Canyon, 
and  the  canyons  of  Indian  and  Squaw  creeks  above  Floumoy  are 
examples,  and  they  all  open  into  broad  alluvial  valleys  below. 

VALLEYS   OF  THE   SOUTHWESTERN   BORDER  OP  THE   DLAMOND  MOUNTADJ  BLOCK. 

Genesee  Valley, — ^The  general  trend  of  the  valley  belt  along  the 
border  of  the  Diamond  Moimtain  block  is  northwest  and  southeast 
from  Genesee  Valley  to  Moimtain  Meadows.  Genesee  Valley  is  at  its 
southeastern  extremity.  It  has  a  breadth  of  one-third  to  three- 
fourths  of  a  mile,  and  a  length  of  nearly  6  miles  northeast  and  south- 
west directly  across  the  general  trend  of  the  valley  belt.  It  is  a  flat 
alluvial  plain  on  both  sides  of  Indian  Creek,  with  irregular  border 
from  jutting  spurs  and  lateral  branches  running  up  Red  Clover, 
Wards,  Hosselkus,  and  Little  Grizzly  creeks.  None  of  it  is  too 
swampy  for  use  but  some  is  too  dry  without  irrigation.  There  is  a 
large  ranch  at  each  end  and  four  smaller  ones  between. 

Indian  VaUey, — Indian  Valley  is  much  larger  than  Genesee,  and 
less  regular.  The  main  part  extends  northwest  from  Taylorsville 
to  Greenville  about  9  miles  with  an  average  width  of  over  a  mile.  At 
ngbt  angles  to  this  is  North  Arm,  which  extends  up  Lights  and  Cooks 
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creeks  for  nearly  5  miles  with  a  width  ranging  from  a  quarter  to 
nearly  a  mile  and  widening  to  the  north.  Indian  Valley  proper 
between  Taylorsville  and  Crescent  Mills  is  nearly  all  arable,  but  the 
adjoining  portions  of  North  Arm  and  Greenville  Arm,  except  the 
borders,  are  swampy,  although  the  other  portions  of  both  arms  have 
large  and  excellent  farms. 

A  feature  of  importance  in  the  main  body  of  the  valley  2  J  miles 
northwest  of  Taylorsville  is  the  Moimds,  two  dome-shaped  liills, 
which  stand  out  in  the  valley  plain.  One  rises  100  feet  and  the 
other  over  200  feet  above  the  surrounding  plain.  There  is  a  third 
opposite  the  entrance  of  North  Arm,  a  mile  north  of  Taylorsville, 
but  it  rises  less  than  50  feet  above  the  valley  plain. 

Mountain  Meadows, — ^Moimtain  Meadows  are  triangular  in  shape, 
widening  to  the  northwest,  where  they  merge  into  the  plains  border- 
ing the  volcanoes  about  Lassen  Peak.  On  the  southwest  they  are 
sharply  limited  by  the  steep  slopes  of  Keddie  Ridge,  but  along  the 
eastern  side  its  margin  is  somewhat  less  definite  on  the  gentle  slope 
of  the  Diamond  Mcimtain  block.  The  valley  is  dry  to  a  large  extent 
except  in  the  northwestern  part ,  which  is  traversed  by  Fredonia  Creek, 
from  the  pass  of  the  same  name.  Moimtain  Meadows,  having  a 
general  elevation  of  4,800  feet,  is  about  1,300  feet  above  the  general 
level  of  Indian  Valley,  from  which  it  is  separated  by  a  low  divide  at 
the  head  of  Cooks  Canyon. 

Jura  Valley. — Between  Mountain  Meadows  and  North  Ann  of 
Indian  Valley  there  is  a  broad  gap  crossing  a  flat  ridge,  and  the  same 
is  true  between  North  Arm  and  Genesee  Valley,  where  the  gap  is  a 
broad  depression  in  the  ridge  crest  that  joins  Moimt  Jura  to  Kettle 
Rock  Mountain.  These  two  gaps  belong  to  the  plateau  or  peneplain 
features  of  the  Diamond  Mountain  block.  A  line  joining  them  lies 
in  the  axis  of  the  valley  belt,  and  these  gaps  are  remnants  of  an  old 
valley  along  that  line  nearly  2,000  feet  above  the  present  valleys  of 
Nortli  Arm  and  Genesee.  This  old  valley  lies  on  the  east  slope  of 
Mount  Jiu-a,  hence  the  name  Jura  Valley.  It  was  once  occupied  by 
Jura  River. 

GRIZZLY   MOUNTAIN   BLOCK. 

The  Grizzly  Mountain  block,  wliich  lies  between  the  Diamond 
Mountain  block  and  the  main  crest  of  the  Sierras  and  extends  from 
Grizzly  Moimtains  and  Keddie  Ridge  to  American  Valley,  forms  only 
a  small  part  of  the  Taylorsville  region.  The  Grizzly  Mountain  block 
is  smaller  and  much  less  regular  than  the  Diamond  Moimtain  block. 

CREST  LINE   AND   ESCARPMENT. 

The  crest  line  and  e^scarpment  are  well  marked  in  Grizzly  Moun- 
tains, which  present  a  steep  slope  of  over  3,000  feet  to  the  west  end 
of  Genesee  Valley.    Toward  the  northwest  the  crest  line  sinks  and 
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curves,  ruiming  to  Taylorsville,  where  it  disappears  in  the  valley, 
but  rises  again  in  Keddie  Ridge  and  curves  back  to  its  northwest 
course.  A  small  notch  is  cut  by  Montgomery  Creek  across  the  north 
end  of  Grizzly  Mountains,  but  the  broad  gap  in  the  crest  occupied  by 
Indian  Valley  is  more  than  a  mile  in  width.  Keddie  Ridge,  which 
carries  the  cre^st  beyond  Indian  Valley,  is  about  14  miles  in  length  and 
ends  in  plains  af  both  extremities. 

SOUTHWEST  SLOPE. 

The  southwest  slope  of  Grizzly  Mountains  is  larger  and  gentler 
than  the  slope  in  the  opposite  direction,  but  is  not  so  gentle  as  the 
corresponding  slope  of  the  Diamond  Mountain  block  and  retains  but 
few,  if  any,  definite  traces  of  an  inclined  peneplain.  South  of  the 
fortieth  parallel  the  crest  continues  for  15  miles  to  Grizzly  Peak,  and 
a  parallel  valley  follows  the  western  edge  of  the  block  all  the  way 
from  Mohawk  to  American  Valley.  About  Crescent  Mills  and  Green- 
ville the  western  slope  is  broken  down  to  the  level  of  Indian  Valley, 
which  crosses  the  main  crest,  giving  especial  prominence  to  the 
escarpment  of  ArHngton  Heights  and  Houghs  Peak,  which  form  a 
second  crest.  Beyond  Round  Valley  Reservoir  the  slope  of  the  Griz- 
zly Mountain  block  is  better  preserved  in  the  northwestern  inclination 
of  the  divide  between  Indian  Creek  and  North  Fork  of  Feather  River. 

DRAINAGE. 

The  Taylorsville  region  belongs  to  two  drainage  systems,  the  Great 
Basin  and  the  Sacramento  River,  and  the  water  parting  is  along  the 
eastern  crest  of  the  Diamond  Mountain  block.  That  which  belongs 
to  the  Great  Basin  finds  its  way  into  Susan  Creek  or  upper  Long  Val- 
ley, and  finally  into  Honey  Lake,  which  has  no  outlet,  and  lies  at  the 
very  base  of  the  Diamond  Mountain  escarpment,  receiving  nearly  all 
its  water  from  the  streams  flowing  southeast  or  northwest  parallel  to 
the  escarpment. 

All  the  drainage  west  of  the  Diamond  Mountain  crest  goes  into  the 
North  Fork  of  Feather  River.  The  drainage  from  Mountain  Meadows 
passes  around  the  northern  end  of  Keddie  Ridge  of  the  Grizzly 
Mountain  block  into  Big  Meadows,  where  it  enters  North  Fork  of 
Feather  River. 

The  part  of  the  Diamond  Mountain  block  within  Plumas  County 
is  drained  by  Indian  Creek,  whose  branches  from  Cooks  Canyon  to 
Last  Chance  Creek,  inclusive,  head  along  the  crest  forming  the  county 
line,  while  Squaw  Creek  drains  Red  Clover  Valley,  wliich  heads 
against  the  great  Sierra  Valley.  The  Diamond  Mountain  and  Grizzly 
blocks,  which  combine  south  of  the  fortieth  parallel  and  merge  into 
the  broad  summit,  Sierra  Valley,  are  completely  drained  by  the 
tributaries  of  Feather  Biver.  North  Fork  drains  aU  that  part  lying 
north  of  the  fortieth  parallel  in  the  Taylorsville  region  except  a  small 


14  THE  TAYLORSVILLE  REGION,  CALIFORNIA. 

SILURIAN. 
GRIZZLY  FORMATION. 

Lithologic  character, — The  Grizzly  formation  is  a  gray,  well-defined 
but  thin-bedded  quartzite  overlain  by  lentils  of  limestone  and  inter- 
stratified  with  shaly,  often  siliceous  slate  (argillite)  having  irregular 
cleavage.  The  beds  of  quartzite  range  from  5  to  about  20  feet  in 
thickness  and  run  out  into  shale  in  a  short  distance.  The  shale  beds 
are  generally  thicker  than  the  quartzite.  They  are  for  the  most  part 
greenish  gray  to  drab,  but  sometimes  black  and  more  or  less  flinty, 
but  not  much  altered.  The  lighter  colored  shales  are  often  sandy  and 
constitute  the  prevailing  portion  of  the  formation,  although  beds  of 
well-marked  quartzite  are  usually  present  and  frequently  predomi- 
nate. The  coarser  beds  of  quartzite  contain  small  pebbles  of  rhyolito, 
rarely  as  large  as  a  pea.  These  beds,  with  occasional  little  pebbles, 
are  near  the  base  of  the  formation  and  have  a  thickness  of  about  200 
feet.  The  black  shale,  sometimes  flinty,  is  full  of  traces  of  organisms, 
which  E.  O.  Ulrich  has  identified  as  sponge  spicules.  On  the  eastern 
slope  of  Grizzly  Mountains,  near  the  northern  end,  quartzite  prevails 
immediately  beneath  a  lentil  of  limestone,  but  north  of  Montgomery 
Creek  shales  occupy  the  corresponding  position,  as  shown  in  fig.  2. 
The  section  as  shown  in  this  figure,  however,  does  not  continue  below 
the  tunnel,  and  therefore  does  not  disclose  the  coarser  beds  lying  at 
the  bottom  of  the  Grizzly  quartzite  horizon. 

Areal  distribution  and  tliicTcness. — The  quartzite  of  the  Grizzly  for- 
mation occupies  a  narrow  belt  near  the  crest  and  parallel  to  it  on  the 
northeast  slope  of  Grizzly  Mountains.  It  extends  from  Taylorsville 
southeast  across  Montgomery  Creek  and  along  the  slope,  where  it  is 
cut  into  patches  by  pyroxenite  and  meta-andesite,  reaching  the 
fortieth  parallel  in  the  glaciated  ravine  half  a  mile  northeast  of 
Tower  Rock.  At  this  point  the  belt  of  Grizzly  quartzit<5  abruptly 
narrows  and  vanishes  along  the  border  of  the  ancient  rhyoUte  and 
the  overlapping  basaltic  volcanics.  Immediately  south  of  the  for- 
tieth parallel  this  rock  has  been  sought  for  by  H.  W.  Turner  in 
the  Downieville  quadrangle,  but  its  presence  could  not  be  demon- 
strated. The  length  of  the  belt  of  Grizzly  quartzite  from  Taylors- 
ville to  the  fortieth  parallel  is  about  6  miles,  and  its  exposure  is  not 
known  to  extend  beyond  in  either  direction.  A  portion  of  the  area 
mapped  as  Grizzly  formation  about  the  mouth  of  Montgomeiy  Creek, 
embracing  a  tract  one-fourth  of  a  mile  in  width  and  nearly  2}  miles 
in  length  along  the  left  bank  of  Indian  Creek,  is  referred  to  this 
horizon  with  doubt.  Although  quartzite  and  siUceous  slates  occur 
there  the  prevailing  rock  is  thin-bedded  sandstone  instead  of  quartz- 
ite.   Locally  the  sandstone  contains  pebbles,  but  it  is  generally  fine 
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grained.  At  one  point  it  shows  decided  spheroidal  weathering  and 
resembles  certain  beds  in  the  ArUngton  formation,  from  which,  how- 
ever, it  differs  decidedly  in  mineral  compjosition.  The  spheroidal 
sandstone  in  question  near  Montgomery  Creek  contains  quartz  grains 
whose  bipyramidal  form  indicates  that  they  were  most  hkely  derived 
from  the  underlying  metarhyolite. 

There  are  two  small  outliers  of  the  Grizzly  formation  near  the 
fortieth  parallel  a  mile  northeast  of  Tower  Rock.  In  both  cases 
they  are  masses  of  much  crumpled  black,  flinty  slates  from  25  to  40 
feet  in  thickness  associated  with  the  ancient  rhyolite  into  which 
they  have  been  folded  or  faulted. 

The  thickness  of  the  Grizzly  formation,  where  measured  near  the 
northern  end  of  Grizzly  Mountains,  is  about  400  feet,  and  this  is 
near  the  maximum.  The  strike  of  the  formation  is  northwest  and 
southeast  parallel  to  its  outcrop,  and  its  dip  is  southwest  into  Grizzly 
Mountains  between  Tayiorsville  slates  which  He  upon  it  and  a  mass 
of  ancient  rhyolite  on  which  it  rests. 

Relation  to  adjoining  formatwns. — The  contact  of  the  Grizzly  foi^ 
niation  and  the  underlying  rhyolite  is  more  or  less  irregular  and 
difficult  to  follow,  but 
the  irregularities  are 
those  of  the  original  lava 
surface  accented  by 
much  subsequent  fold- 
ing and  displacement. 
This  relation  may  be 
plainlyseen  on  the  lower 
slope  of  Grizzly  Moun- 
tains opposite  Hunting- 
tons,  where  a  tongue  of 
sandstone  is  folded  into  the  metarhyolite,  whose  fluidal  structure  on 
both  sides  is  parallel  to  the  well-marked  bediUng  in  the  sandstone. 
That  the  rhyolite  is  older  than  the  overlying  quartzite  is  evidenced 
by  the  fact  that  small  pebbles  of  the  rhyohte  occur  in  the  quartzite. 
jVlthough  not  abundant  nor  large  they  are  common  and  characteristic, 
and  confirm  the  view  that  the  quartzite  was  deposited  on  the  rhyolite. 

^Vbove  the  quartzite  comes  the  Montgomery  limestone,  and  the 
l«o  are  conformable,  as  shown  in  the  small  section  (fig.  2)  along  the 
tunnel  on  the  east  slope  near  the  crest  of  the  ridge  2  miles  south  of 
Tayiorsville.  The  fine  conglomerates,  sandstones,  and  slates  of  the 
Tayiorsville  formation  overlie  the  Umestorie  and  quartzite  appar- 
ently with  unconformity. 

FosrUv  and  age. — The  only  fossils  discovered  in  the  Grizzly  forma- 
tion, outside  of  the  limestone  lentils,  are  sponge  spicules  found  in  thin 
sections  of  the  black  ehaly  portions.    They  indicate  a  marine  origin 
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for  the  sediments,  l)ut  aflFord  no  definite  information  as  to  its  age. 
There  can  he  no  rejisonable  doubt,  Ixowever,  that  it  is  older  than  the 
lentils  of  limestone  described  below. 

MONTGOMERY   LIMESTONE. 

Lithologic  character, — This  limestone  was  called  the  Montgomery** 
limestone  from  its  occurrence  on  that  creek,  2 J  miles  south  of  Tay- 
lorsville.  The  limestone  is  light  to  dark  bluish  gray  and  cleaves  into 
plates.  It  has  occasional  knots  or  benches  of  black  chert  and  some 
of  the  few  fossils  are  replaced  by  it.  The  form  of  the  limestone  is 
lenticular,  and  the  largest  lentil  has  a  tliickness  of  60  feet,  with  a 
length  of  about  200  feet.  The  strike  is  approximately  parallel  to 
the  crest  of  Grizzly  Mountains,  and  the  dip  is  to  the  southwest. 

Areal  distribution. — Five  of  these  limestone  lentils  have  been 
found  at  intervals  along  the  western  border  of  the  quartzite  between 
Taylors ville  and  the  fortieth  parallel.  The  first  occurs  at  the  tunnel 
shown  in  fig.  2,  where  it  has  a  tliickness  of  20  feet.  The  second  is  on 
the  south  bank  of  Montgomery  Creek,  forming  prominent  cliffs  at  an 
altitude  of  about  4,000  feet.  The  tliird  and  largest  lentil,  60  feet  in 
tliickness,  is  on  the  crest  of  Grizzly  Moimtains,  at  their  northern 
end,  ha\Tng  an  altitude  of  nearly  7,000  feet.  Tliis  is  by  far  the  most 
important  lentil,  on  account  of  the  fossils  it  contains.  Tw^o  miles 
farther  southeast,  in  the  cliff  overlooking  the  Devils  Punch  Bowl,  is 
a  lentil  of  lime^stone  about  15  feet  in  thickness  and  exposed  for 
60  fe(»t.  No  fossils  were  found  here,  but  the  limestone  is  in  the  same 
horizon  as  that  containing  the  fovssils  at  the  northern  end  of  Grizzly 
Moimtains.  The  last  and  smallest  lens  of  limestone  occurs  in  the 
slates  near  tlie  top  of  a  flat  spur  one-eighth  of  a  mile  north  of  the 
fortieth  parallel.  It  is  only  about  4  inches  in  diameter.  South  of 
the  fortieth  parallel  Turner  has  not  been  able  to  find  any  exposed 
lentils  of  the  limestone,  nor  have  any  been  found  by  the  writer 
north  of  Taylorsville.  Limestone  has  been  reported  from  a  well  on 
one  of  the  mounds  of  Indian  Valley,  but  the  determination  is  a  mat- 
ter of  doubt.  The  extreme  limits  of  the  exposed  lenses  are  about 
12  miles  apart. 

Fossils  and  a^e.— Fossils  were  discovered  in  this  limestone  on  Mont- 
gomery Creek  and  the  crest  of  Grizzly  Mountains  by  Cooper  Curtice 
in  1890.  A  few  fossils  were  added  by  others  to  those  collected  by 
Curtice,  and  among  them  C.  D.  Walcott  identified  the  following  forms: 

Heliolites. 

HalysitcB  c*atenulatiis. 

Orthis  (of  the  type  of  0.  flabelliim). 

Ormoceras  (of.  siphunclcs). 


Crinoid  stems. 

Stromatopora  sp.  (?). 

Zaphrentifl. 

Syringopora  (like  S.  serpens). 


,a  Bull.  OeoL  Soo.  America,  vol.  3, 1892,  pp.  372  and  376. 
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Accorclinj?  to  Walcott,  these  fossils  are  undoubtedly  Silurian  and 
''represent  the  Niagara  horizon  of  the  Mississippi  Valley  and  Appa- 
lacliian  provinces." 

Last  summer  the  locality  was  visited  and  a  collection  made  l)y 
James  Storrs.     It  was  referred  to  E.  O.  Ulrich,  who  reports  as  follows: 

The  fossils  on  the  whole  are  in  very  discouraging  condition  and  in  most  cases  it  is 
impossible  to  determine  them  specifically. 

1.  Ilalysites  eaten ulatus.  The  variety  that  is  found,  so  far  as  known  to  me,  only  in 
the  Silurian  above  the  Clinton. 

2.  llcliolites  cf .  interstinctus. 

3.  Heliolites  cf .  elegans. 

4.  ?  Favosites.     A  small  ramose  species. 

5.  Oyathophyllum  sp.  undet.     A  small,  subcylindri<ral  species. 

6.  Fragment  of  a  single  tube  of  an  undeti^rmimKi  spec'ies  of  Syringopora. 

The  above  fossils  are  all  corals  of  typi^s  indi(!ating  an  early  middle  Silurian  -  in  other 
words,  about  the  age  of  the  Louisville  Niagara  limestone. 

No  other  exposures  of  fossiliferous  rocks  of  tliis  horizon  are  known 
within  hundreds  of  miles.  One  of  the  nearest  is  in  the  Eureka  region 
of  central  Nevada. 

Relation  to  adjdcent  formations, — In  strike  and  dip  the  limestone 
and  the  underlying  quartzite  are  practically  parallel,  and  their 
ol>served  contacts  indicate  conformability.  The  change  in  the  char- 
acter of  the  sediment  from  siUceous  sand  ana  day  to  local  limestones 
may  have  been  due  to  subsidence  of  the  sea  floor,  but  it  did  not 
involve  deformation  sufficiently  great  to  give  rise  to  discordance 
between  the  strata.  But  at  about  the  horizon  of  the  top  of  the  lime- 
stone the  change  in  sediments,  which  become  at  least  locally  coarse, 
appears  to  be  consequent  upon  deformation  of  a  more  pronounced 
cliaracter  and  will  be  noted  more  fully  under  the  Taylorsville  forma- 
tion. 

DEVONIAN. 
TAYLORSVILLE  FORMATION. 

Liiholoffic  character, — The  Taylorsville  formation  is  composed  for 
the  most  part  of  fine  sediments,  chiefly  slates"  and  thin-l)edded  sand- 
stones, among  which  there  are  numerous  small  layers  of  fine  black 
chert  or  occasional  less  regular  masses  of  red  chert,  but  at  the  base  it 
is  locally  a  fine  conglomerate,  and  near  the  middle  there  are  well- 
defined  beds  of  light-colored  quartzite.  The  conglomerate  at  the  base 
is  greenish  gray  and  its  pebbles  are  indistinct.  It  is  best  exposed  on 
the  eastern  face  of  the  spur  above  the  limestone  about  a  mile  south 
of  Taylorsville.  The  pebbles  are  small  and,  in  part  at  least,  well 
rounded.     Many  of  them  are  of  igneous  material  more  or  less  por- 

a  The  Taylorsville  fomiation  was  formerly  called  the  Taylorsville  slates;  Bull.  Geol.  Soc  America, 
vol.  3,  1892,  p.  372. 
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phyritic.  Some  are  rhyolitic,  and  in  places  small  fragments  of  chert 
are  common  containing  the  round  spots  like  those  of  the  siliceous 
slates  in  the  Grizzly  quartzite.  Thin  sections  of  the  ancient  rhyolite 
show  its  ground  mass  very  like  that  of  some  of  the  chert.  They  are 
easily  distinguished  in  some  cases  by  the  presence  of  quartz  pheno- 
crysts  on  the  one  hand  or  round  spots  of  organic  origin  in  the  other. 

Distribution  and  thickness. — The  Taylorsville  formation  is  best 
developed  a  short  distance  south  of  Taylorsville,  and  except  where 
cut  by  serpentine  and  pyroxenite  it  forms  a  belt  southeast  along  the 
slope  of  Grizzly  Mountains  to  the  fortieth  parallel.  Like  the  Grizzly 
formation,  the  exposure  of  the  Taylorsville  formation  ends  near  the 
fortieth  parallel.  Neither  of  them  has  been  recognized  by  Turner  in 
the  Downieville  quadrangle,  which  lies  immediately  south  of  the 
fortieth  parallel. 

Northwest  of  Taylorsville  the  outcrop  of  the  Taylorsville  forma- 
tion is  interrupted  by  alluvial  deposits  of  Indian  Valley,  and  it  appears 
beyond  only  in  isolated  areas  on  the  end  of  Keddie  Ridge  and  on  the 
Mounds,  and  also  2  miles  north  of  Crescent  Mills  and  1^  miles  west  of 
Greenville.  The  last  is  the  largest  of  the  isolated  areas  and  contains 
besides  quartzite  and  shales  some  distinctly  banded  black  cherts,  in 
which  there  are  no  traces  of  organic  remains.  West  of  this  area  there 
is  a  small  exposure  in  the  Lassen  Peak  quadrangle,  a  few  miles  east 
of  Prattville  on  the  border  of  the  great  lava  field.  It  is  probable  that 
some  of  the  isolated  areas  mapped  as  Taylorsville  formation  north 
and  northwest  of  Indian  Valley  contain  strata  wliich  belong  to  the 
Grizzly  quartzite,  but  in  the  absence  of  the  Montgomery  limestone 
they  could  not  be  separated. 

The  kno\vTi  extent  of  the  Tavlorsville  formation  is  about  35  miles. 
For  12  miles  noithwest  of  Tower  Rock  on  the  fortieth  parallel  it  is 
associated  with  the  Grizzly  formation,  but  beyond  Taylorsville  it 
extends  alone  ^^dth  numerous  interruptions  for  about  20  miles  to  its 
final  cover  of  lava  in  the  Lassen  Peak  region.  The  general  dip  of  the 
formation  throughout  its  extent,  where  not  disturbed  by  igneous 
intrusions,  is  to  the  southwest. 

The  thickness  of  the  Taylorsville  formation  in  the  measured  sec- 
tion IJ  miles  south  of  Taylorsville  is  about  1,800  feet.  Prom  this 
point  it  appears  to  thin  southward.  Near  the  fortieth  parallel  only 
150  feet  are  exposed.  North  of  Taylorsville  it  is  so  involved  with 
igneous  rocks  that  its  thickness  has  not  been  determined,  but  if  width 
of  exposure  may  be  taken  as  an  indication  the  thickness  increases  in 
that  direction. 

Relation  to  adjacent  formations. — The  fossiliferous  cherty  shale 
pebbles  in  the  conglomerate  at  the  base  of  the  Taylorsville  formation 
appear  to  have  been  derived  from  the  black  shales  of  the  Grizzly 
formation  and  indicate  an  unconformity  of  erosion  between  them, 
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although  the  rocks  upon  both  sides  of  the  contact  have  essentially 
the  same  position.  The  lack  of  continuity  in  the  Montgomery  lime- 
stone suggests  that  the  unconformity  is  between  the  limestone  and 
the  Taylorsville  formation,  and  while  this  is  probable  it  could  not  be 
fully  confirmed.  No  pebbles  of  limestone  were  found  in  the  con- 
glomerate and  the  masses  of  limestone  do  not  appear  as  irregular 
remnants  left  by  erosion  from  a  larger  mass  but  are  lenticular  in 
shape,  as  if  originally  so  formed. 

Evidence  upon  this  point  also  may  be  observed  north  and  north- 
west of  Indian  Valley,  where  the  Taylorsville  formation  appears  to 
lie  directly  upon  the  quartz  porphyry.  The  (luartzite  and  limestone 
of  the  Grizzly  formation  were  apparently  removed  by  erosion  from 
the  surface  of  the  metarhyolite  before  the  deposition  of  the  Taylors- 
ville formation.  The  local  conglomerate,  associated  with  flinty 
slates  and  gray  sandstones  of  the  Taylorsville  formation,  was  observed 
in  the  long,  narrow  strip  running  along  the  western  slope  of  Keddie 
Ridge  parallel  to  its  crest.  The  pebbles  are  largely  of  igneous 
material,  chiefly  acid  volcanics,  presumably  derived  directly  from 
the  adjacent  quartz  porphyry,  which  the  fragments  closely  resemble. 
On  the  whole,  therefore,  the  evidence  seems  to  indicate  a  decided 
imconformity  of  erosion  between  the  limestone  and  the  Taylorsville 
formation. 

On  the  upper  side — that  is,  on  the  southwest — the  Taylorsville 
formation  is  limited  by  igneous  rocks  only.  Taylor  meta-andesite, 
a  basic  volcanic  rock  which  spreads  from  the  vicinity  of  Taylor  Rock, 
overlies  the  Taylorsville  formation  on  the  western  slope  of  Grizzly 
Mountains,  but  farther  northwest,  along  Houghs  Creek,  granite  sepa- 
rates it  from  the  Arlington  formation. 

Age. — The  only  fossils  found  in  the  Taylorsville  formation  are 
sponge  spicules  in  the  cherty  shales,  and  they  are  not  distinctive. 
It  is  certainly  younger  than  the  Silurian,  which  it  unconformably 
overlies.  The  abundance  of  the  black  chert  layers  is  significant  on 
accoimt  of  the  fact  that  the  Devonian  strata  of  the  Redding  quad- 
rangle of  Shasta  County,  about  100  miles  to  the  northwest,  are 
especially  cherty,  and  in  this  respect  contrasted  with  the  overlying 
formations  of  Carboniferous  age.  In  the  Taylorsville  region  the  next 
horizon  of  sediments  above  the  Taylorsville  formation  is  the  Arlington, 
which  is  free  from  chert  and  is  probably  of  Carboniferous  age.  The 
abundance  of  Devonian  sediments  in  the  Redding  quadrangle  leads 
one  to  expect  them  at  this  horizon  in  the  Taylorsville  region,  whose 
general  section  has  many  features  in  common  with  that  of  Shasta 
County,  and  it  is  probable  therefore  that  the  Taylorsville  formation 
is  Devonian  in  age. 
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CARBONIFEROUS. 
CALAVERAS  tiBOl  P. 

The  Calaveras  ^oup  was  named  by  Becker,  Lindgren.  and  Turner 
in  their  surv^ey  of  the  Gold  Belt  to  include  a  great  body  of  more  or 
loss  altered  sandstones,  shales,  and  limestones  of  Carboniferous  age. 
It  is  widely  distributed  and  occupies  a  greater  area  than  any  other 
sedimentary"  formation  in  the  Sierra  Nevada.  Turner  has  mapped 
the  Calaveras  in  the  Downieville  quadrangle,  from  which  it  extends 
directly  across  the  fortieth  parallel  into  the  Taylorsville  region. 

In  order  to  emphasize  the  essential  unity  of  this  succession  of 
sediments  in  the  Taylorsville  region  we  continue  to  use  the  t^rm 
Calaveras  for  aU  those  sediments  connecting  directly  with  the 
Calaveras  ot  the  Downieville  quadrangle.  But  to  bring  out  the 
areal  distribution  and  possibly  also  slight  differences  in  age  of  the 
various  parts  of  the  Calaveras  in  the  Taylorsville  region,  it  is  sub- 
diviiled,  largely  as  heretofore,"  into  the  Arlington  formation,  the 
Shoo  Fly  formation,  and  the  Peale  formation,  which  \nll  be  consid- 
ered separately  before  the  latest  Carboniferous,  the  Robinson  for- 
mation, is  taken  up. 

ARLINGTON  FORMATION. 

• 

Lithologic  character. — The  ArUngton  formation  is  made  up  chiefly 
of  fine,  gray,  tliin-bedded  sandstone,  with  some  shale  in  part  silicified 
and  a  few  beds  of  conglomerate?.  It  may  be  considered  as  having 
three  members.  In  the  lower  member  yelloA^ash  shales  prevail, 
grading  upward  into  shaly  and  thin-bedded  greenish-gray  sandstone, 
of  which  a  great  mass  constituting  the  middle  member  is  excep- 
tionally well  exposed  in  the  bold  escarpment  of  Arlington  Heights. 
There  is  a  narrow  belt  of  yellowish-graj^  sandstone  in  the  upper 
portion  of  the  middle  member  that  is  somewhat  coarser  than  the 
rest  and  is  characterized  by  well-developed  spheroidal  weathering. 
It  is  composed  of  angular  grains  of  fresh  plagioclase,  with  a  smaller 
amount  of  augite,  green  hornblende,  and  magnetite.  Quartz,  if 
present  at  all,  is  not  common.  This  peculiar  sandstone  bears  con- 
siderable resemblance  to  certain  tuffaceous  beds  found  in  the  Bragdon 
formation  of  the  Redding  quadrangle  of  California,  but  in  the  present 
case  no  definite  volcanic  material  could  be  recognized  either  in  the 
field  or  under  the  microscope  to  prove  its  volcanic  origin. 

In  the  upper  member  slaty  gray  shales  are  most  abundant,  with 
local  conglomerates  and  highly  silicified  red  jaspery  portions  near 
the  top.  The  slaty  shales  are  well  exposed  about  Cr\^stAl  Lake, 
where  they  occasionally  split  into  thin  slabs  several  feet  in  diameter. 
In  the  summit  of  Houglts  Peak  tlie  silicification  is  extreme,  and  the 
mass  is  converted  into  red  and  gray  chert  veined  with  white  quartz 
associated  with  small  veins  of  magnetite  and  staining  of  hematite. 

oGuoIogy  of  Taylorsvillu  region:  Bull.  Oeol.  Soc.  America,  vol.  3, 1882,  i>.  372. 
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In  the  cliffs  along  the  western  border  of  Crystal  I^ake  are  beds  of 
conglomerate  interstratified  with  the  slaty  shale  in  which  a  few  fos- 
sils have  been  found.  Most  of  the  pebbles  are  of  gray  chert,  hut  a 
few  are  of  rod  chert  and  sandstone,  and  locally  there  are  a  consider- 
able number  of  pebbles  of  a  holocrystalline,  liypautomoqihic  granular 
igneous  rock  composed  largely  of  feldspar  with  less  chlorite  and  small 
amounts  of  magnetite  and  quartz.  The  chlorite  probably  represents 
original  augite.  Tlie  feldspar  is  sometimes  {as  in  6696)  untwinned. 
When  twinned  (as  in  6699)  they  appear  to  be  Carlsbad  showing 
only  two  bands.  Rarely  smaller  bands  appear,  but  evident  polysj-n- 
thetic  twinning  is  certainly  not  present.  Tlie  pebbles  of  igneous 
material  are  well  rounded,  waterwom,  and  very  lai'gely  of  the  type 
noted  above,  wliich  for  the  present  may  be  called  tpiartz-augite  diorite. 

The  interbedded  slates 
and  conglomerates  strike  X. 
36°  W.  and  dip  64°  SW.,  and 
the  well-marked  slaty  cleav- 
age is  parallel  to  the  stratifi- 
cation. The  conglomerate 
iH  not  coarse.  Its  largest 
pebbles  are  rarely  over  4 
inches  through,  but  they 
have  all  suffered  decided  de- 
fonnatioQ,  which  reached  a 
maximum  in  the  plane  of 
cleavage.  The  rock  is  cut 
by  two  systems  of  joints; 
one  nms  N.  40°  E.  and  dips 
69°  SE.,  whiie  the  other 
strikes  N.  36"  W.  and  dips 
45°  NE. 

Joints  of  both  systems  cut 
directiythroughthe  pebbles. 
On  the  first  system  the  peb- 

l)les  have  been  greatly  elongated;  on  the  second  system  the  same 
])ehbles  are  but  slightly  drawn  out,  and  the  greatest  deformation  in 
I>oth  cases  lies  in  the  plane  of  cleavage.  Some  pebbles  are  embedded 
in  the  slates  and  there  often  fractured,  as  shown  in  fig.  3  from  a 
jihntograph  illustrating  pebbles  exposed  on  a  joint  of  the  northeast- 
southwest  system.  The  degrees  of  fracturing  range  from  inci]»ient 
cracks  on  the  upper  side  only  to  complete  fissuring  and  faulting,  as 
illustrated  in  fig.  4,  as  if  the  upper  part  of  the  pebbles  was  in  a  plane 
of  greater  motion  than  the  lower,  residting  in  the  upper-side  fracturing 
of  many  pebbles  and  the  faulting  of  a  few  having  the  imbricated 
faulted  parts  inclined  in  the  same  direction  as  the  slaty  cleavage. 
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Distribution  and  thickness. — The  Arlington  formation  haa  its  great- 
est development  between  the  summits  of  Houghs  Peak  and  Houghs 
Creek.  From  this  point  it  extends  northwest  into  the  Lassen  Peak 
quadrangle  and  has  been  briefly  described  in  tlie  folio  of  that  quad- 
rangle. To  the  southeast  it  extends  with  diminishing  width  of  out- 
crop to  a  short  distance  beyond  the  fortieth  parallel  into  the  Downie- 
Tille  quadrangle,  where  it  is  entirely  cut  off  by  the  volcanic  mass  of 
meta-andesite  ("  augite  porphyrite  " )  from  the  vicinity  of  Taylor  Rock. 
The  total  length  of  the  outcrop  is  about  30  nules.  The  stratification 
is  clearly  marked  with  strike  northwest  and  southeast  and  dip  to  the 
southwest,  and  with  a  regularity  that  indicates  conformability 
throughout  the  entire  succession  of  strata  having  a  measured  thick- 
ness of  5,700  feet. 

Relation  to  adjoining  Jhrmations. — The  Arlington  formation  on  the 
surface  is  completely  surrounded  by  igneous  rocks.  About  the  south- 
east end  and  on  the  south  and  southwest  the  formation  is  limited  by 
a  great  volcanic  mass  of  meta-andcsite.  On  the  northeast  it  is  limited 
by  metarhyolite  and  serpentine 
in  the  Greenville  region,  but 
along  Houghs  Creek  it  is  bound- 
ed by  granodiorite.  All  of  these 
bor<lering  igneous  rocks  except 
the  metarhyolite  are  younger 
than  the  Arlington  formation 
and  penetrate  or  overflow  it. 
They  separate  the  Arlington 
beds  on  the  one  hand  from  the 
TaylorsvUle  formation  and  on 
the  other  from  the  Shoo  Fly 
beds  of  the  Calaveras.  In  general  position  the  Arlington  formation 
is  parallel  to  both  of  these  formations  and  lies  between  them. 

Fossils  and  age. — The  only  fossils  foimd  in  tins  formation  were 
discovered  by  James  Storrs  on  the  border  of  Crystal  Lake.  Girty 
reports  from  tliis  locaHty  "crinoid  stems,  coral?,  Stenoporat  ap.," 
and  remarks  that  it  "is  probably  Paleozoic,  but  possibly  not  Carbon- 
iferous." It  is  younger  than  the  Taylorsville  and  older  than  the 
Shoo  Fly  portion  of  the  Calaveras.  One  is  probably  Devoniaji  and 
the  other  apparently  Carboniferous,  so  that  the  probable  age  of  the 
Arlington  is  either  late  Devonian  or  early  Carboniferous.  Jn  the 
Redding  region  theiv  is  a  gi-eat  thickness  of  early  Carboniferous  sedi- 
ments in  the  Baird  and  also  in  the  Brngdon,  which  is  poor  in  fossils 
below  and  in  some  i-es[)ects,  as  ali-eady  pointed  out,  like  the  Arlington. 
It  is  possible  that  the  Arlington  and  Brtigdon  represent  approxi- 
mately the  same  horizon  of  Carhonifenius  below  the  great  limestones 
of  tliat  system. 


».  4.— Fauliad  [wbble 
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SHOO   FLT  FORMATION. 


Lithologic  character, — The  Shoo  Fly  formation**  was  named  from  a 
locality  on  the  stage  road  between  Crescent  Mills  and  Quincy,  near 
the  bridge  crossing  Indian  Creek,  where  the  beds  are  well  exposed. 
They  consist  mainly  of  clay  slates  above  and  quartzite  below.  The 
clay  slates  arp  light  to  dark  gray,  generally  dull,  but  sometimes  silky 
and  in  places  slightly  micaceous.  They  contain  occasional  films  of 
gray  or  black  flinty  material,  as  well  as  thin  beds  of  sandstone  and 
fine  conglomerate  of  quartz  pebbles,  leaving  no  doubt  as  to  the  sedi- 
mentary origin  of  the  formation,  and  yet  one  finds  traces  here  and 
tliere  of  beds  composed  exclusively  of  volcanic  fragments,  some  of 
which  are  clearly  vesicular.  Near  the  middle  portion  are  lentils  of 
limestone,  some  of  which  attain  a  thickness  of  over  50  feet  and  form 
conspicuous  ledges  on  the  spur  half  a  mile  east  of  Clear  Creek  Bridge. 

The  quartzites  which  prevail  in  the  upper  portion  of  the  formation 
are  thin  bedded,  somewhat  slaty,  and  indistinctly  schistose  with 
micaceous  partings.  On  a  fresh  fracture  the  quartz  grains  are  bluish, 
but  the  rock  weathers  reddish.  Veins  of  white  quartz  are  common 
and  locally  abundant  throughout  the  formation,  and  in  general  it 
may  be  said  that  the  Shoo  Fly  beds  are  more  affected  by  regional 
metamorphism  than  any  other  strata  in  the  Taylorsville  region. 

Areal  distribution  and  thickness. — The  Shoo  Fly  formation  occupies 
the  southwest  comer  of  the  Taylorsville  region  and  is  well  exposed 
on  the  road  between  Shoo  Fly  Bridge  and  Spanish  Creek.  This  is 
part  of  the  large  area  to  the  west  and  south  around  American  Valley 
as  illustrated  by  the  areal  map  in  the  Downieville  folio  by  Turner. 

The  development  of  cleavage  in  the  Shoo  Fly  formation  has  ob- 
scured its  stratification  and  rendered  the  determination  of  its  thick- 
ness more  difficult.  A  measured  section  makes  it  6,800  feet  thick, 
but  this  is  probably  too  high. 

Relation  to  adjacent  formations. — The  Shoo  Fly  formation  is  every- 
where separated  from  the  Arlington  by  a  wide  belt  of  meta-andesite 
of  volcanic  origin,  indicating  that  the  epochs  during  which  the  two 
sets  of  beds  were  deposited  were  "separated  by  an  interval  of  contem- 
poraneous volcanic  activity.  The  general  dip  of  both  sets  of  strata 
is  to  the  northwest,  and  there  can  scarcely  be  any  doubt  that  the  Shoo 
Fly  fonnation  overUes  the  Arlington  and  is  of  later  deposition. 

Age. — Traces  of  crinoids  were  the  only  fossils  found  in  the  Shoo  Fly 
formation  of  the  Taylorsville  region,  but  a  few  miles  to  the  south- 
west, near  Spanish  Ranch,  occur  characteristic  Carboniferous  fossils, 
such  as  Fusulinaj  leaving  no  doubt  as  to  the  age  of  that  portion  of  the 
Calaveras  group. 

a  Bull.  Geol.  Soc.  America,  vol.  3, 1892,  pp.  272-275.    In  the  Lasaen  Peak  folio  they  were  included  in 
the  Calaveras. 
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PEALE   FORMATION. 

Liihologic  character. — In  lithologic  character  the  Peale  formation 
is  decidedly  variable.  Reddish  to  brown  slaty  shale,  sometimes  gray 
or  greenish,  passing  into  tuffaceous  sandstone  and  fine  conglomerate, 
is  most  common.  The  fine  conglomerate  contains  much  volcanic  ma- 
terial, with  occasional  red  lapilli  and  small  lenses  of  calcareous  matter. 
Thin  beds  of  gray  quartzite  occur  also,  and  masses  of  black,  gray,  or 
red  chert  form  prominent  ledges. 

The  tuffaceous  beds  are  well  exposed  and  fossiliferous  on  the  horse 
trail  from  Wards  Creek  to  Peale  diggings,  also  beyond  Hosselkus  and 
to  within  about  a  mile  of  the  Lucky  S  road.  The  chert  is  best  exposed 
near  the  forks  of  the  road  just  east  of  Hosselkus,  where  there  is  a 
prominent  ledge  of  red  banded  chert  full  of  quartz  veins,  but  no  con- 
siderable amount  of  hematite  with  it  as  on  Houghs  Peak.  Red  sili- 
ceous slate  and  chert  occur  near  the  summit  along  the  trail  from 
Wards  Creek  to  Peale  diggings,  as  well  as  in  the  divide  at  the  head  of 
Hinchman  Ravine,  but  the  locality  for  most  conspicuous  banding,  like 
that  of  the  Marquette  iron-ore  region  of  Miciiigan,  is  a  mile  northwest 
of  Evans  Peak  and  still  farther  in  the  same  direction  near  Keddie 
Lake.  At  the  last  two  locaUties,  wiiich  lie  beyond  the  limits  of  the 
Indian  Valley  Special  sheet,  the  Peale  beds  have  not  been  separated 
from  the  Robinson  formation. 

Areal  distribution  and  thickness. — ^The  Peale  formation  makes  a 
narrow  interrupted  belt  extending  from  little  Grizzly  Creek  north 
across  the  fortieth  parallel  at  Peale  diggings,  on  the  divide  between 
Wards  Creek  and  Little  Grizzly  Creek,  then  somewhat  more  westerly 
across  Genesee  Valley  at  Hosselkus  to  the  divide  2  miles  northeast  of 
Moimt  Jura,  where  it  is  covered  up  by  the  overlappmg  Foreman  for- 
mation before  reaching  the  Ijucky  S  road.  Small  masses  of  these  beds, 
chiefly  red  chert,  adjoin  the  gra/el  of  the  Taylor  diggings  and  form 
much  of  the  hill  at  the  head  of  Ilinclunan  Ravine.  In  Keddie  Ridge, 
northwest  of  Evans  Peak,  masses  of  chert  occur,  and  they  probably 
belong  to  the  horizon  of  the  Peale  formation,  but  were  not  separated 
from  the  Robmson,  wliich  occurs  in  the  same  region.  The  thickness 
of  the  Peale  formation,  measured  2  miles  east  of  the  summit  of  Mount 
Jura,  is  about  1,400  feet. 

Fossils  and  age, — Fossils  were  discovered  in  the  Peale  formation  by 
T.  W.  Stanton  along  the  trail  to  the  Peale  diggings  at  an  elevation 
from  4,500  to  5,000  feet.  Several  collections  were  made  by  others  at 
the  same  place  in  1893,  and  all  the  collections  were  examined  by 
Charles  Schuchert,  who  reports  the  following: 


Orthis  micholini. 
Streptorhynchus  crenistria? 
Anil)()C(rlia  planiconvexi* 
Spirifer  striatus. 


Productufl?  sp. 

Pelocypod  like  Yoldia  or  Leda. 
Phillipsia  sp. 
I^ophophyllum  pix)huiduin. 
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In  1904  Storrs  and  I  collected  a  number  of  fossils  near  the  same 
place.  They  were  examined  by  G.  H.  Girty,  who  reports  (January 
12,  1905)  the  following  forms: 


Meekopora  sp. 
Stenopora?ep. 


Fusulina  sp. 
Crinoid  fragment. 
Fistulipora  sp. 

Girty  states  (May  18,  1905): 

I  have  also  examined  the  collection  upon  which  Mr.  Schuchert  reported.  The  fauna 
is  well  8ho\\ii  by  Mr.  Schuchert's  list,  and  1  regret  to  say  seems  to  poes<»s«  little  in  com- 
mon with  the  fossils  fn)m  the  same  area  reported  on  January  12,  1905,  whicli  I  exam- 
ined, and  also  with  those  from  the  Robinson  beds.  In  fact,  if  this  fauna  be  brought 
into  comparison  with  those  of  the  McCloud  River  section,  it  is  more  nearly  reflated  to 
the  Baird  fauna  than  to  those  of  the  McCloud  limestone  or  Nosoni  formation.  At  the 
same  time  I  am  not  prepared  to  definitely  correlate  the  material  examined  by  Mr. 
Schuchert  with  the  Baird,  as  many  of  the  characteristic  Baird  species  are  wanting. 

There  seems  to  be  no  doubt  that  the  Peale  formation  is  Carbonifer- 
ous, and  most  likely  older  than  the  Robinson  formation,  to  be  noted 
presently.  In  the  Downieville  folio  the  Peale  formation,  which  ex- 
tends south  of  the  fortieth  parallel,  was  mcluded  by  W.  II.  Turner  in 
the  Calaveras  formation,  and  in  the  Genesee  Valley  region  there  is  not 
sufficient  reason  for  their  separation. 

The  chert  near  Hosselkus  is  minutely  spotted  as  if  radiolarian.  In 
tliin  section  the  microscope  reveals  the  fact  that  the  chert  contains 
many  spots  with  sufficient  structure  to  enable  Ulrich  to  determine 
their  radiolarian  origin.  No  trace  of  sponge  spicules,  such  as  are  so 
common  in  the  cherts  of  the  Grizzly  and  Tayldrsville  formations,  was 
found. 

Relation  to  adjacent  formations, — The  Peale  formation  is  almost 
completely  surrounded  by  igneous  rocks,  meta-andesites,  and  is  in  part 
made  up  of  pyroclastic  material  of  the  same  sort.  It  is  evident,  there- 
fore, that  it  represents  approximately  an  epoch  of  volcanic  activity, 
although  the  rock  by  which  it  is  immediately  enveloped  may  be  in 
large  part  intrusive.  This  appears,  at  least,  to  be  the  case  of  the  mass 
wliich  splits  the  belt  of  the  Peale  formation  into  two  parts  southeast 
of  Genesee. 

The  Peale  formation  dips  to  the  southwest  and  overlies  the  meta- 
andesite  which  separates  it  from  the  Robinson  fonnation  on  t  he  north- 
east, but,  as  will  be  explained  in  considering  the  Robinson  formation, 
the  rocks  have  been  overturned.  Farther  northwest,  in  the  head  of 
South  Fork  of  Foremans  Ravine,  the  outcrops  of  jaspery  and  associ- 
ated rocks  cease,  and  the  Peale  formation  appears  to  run  under  the 
Foreman  formation,  by  wliich  it  is  imconfonnably  overlapped.  No 
fossils  were  foimd  in  that  vicinity  and  the  contact  was  not  definitely 
traced. 
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ROBINSON  FORMATION. 

Lithologic  character, — The  Robinson  formation  includes  a  succession 
of  variable  sediments  ranging  from  shale  to  conglomerate  and  com- 
posed chiefly  of  igneous  material  A\dth  occasional  lentils  of  limestone. 
The  most  characteristic  portion  is  a  gray  sandstone  which  weathers 
reddish  brown.  It  contains  more  or  less  disseminated  carbonates  of 
lime  forming  small  lentils  up  to  15  feet  in  thickness.  Microscopic 
examination  shows  that  the  sand  of  w^hich  it  is  composed  is  largely  of 
volcanic  material,  and  includes  traces  of  crinoids,  with  occasional 
bryozoa  in  many  cases,  even  when  they  can  not  be  seen  with  the 
unaided  ey^e.  Below  the  calcareous  horizon  the  reddish-brown  thin- 
bedded  tuffaceous  sandstone  and  shale  extend  to  the  bottom  of  the 
formation.  Above  that  horizon  the  pyroclastic  material  becomes 
somewhat  coarser  and  passes  into  a  tuffaceous  conglomerate  contain- 
ing fossiliferous  limestone  nodules  and  beds  of  reddish-brown  sand- 
stone, here  and  there  with  crinoid  stems  like  that  of  the  principal 
horizon  below.  Crystals  of  feldspar  are  common  and  sometimes 
prominent  in  this  tuffaceous  rock,  giving  it  the  general  aspect  of  a 
solid  lava  flow,  and  there  is  good  reason  for  surprise  on  finding  in  it 
distinct  impressions  of  gasteropods,  spirifers,  corals,  and  crinoids. 

Areal  distribution  and  thickness, — The  Robinson  formation  forms  a 
subdivided  and  greatly  interrupted  belt,  extending  from  4  miles  south 
of  the  fortieth  parallel  on  Little  Grizzly  Creek  northwest  across  Gene- 
see Valley  and  the  Lucky  S  mine  road  divide,  and  disappears  before 
reaching  North  Arm  ol  Indian  Valley.  Beyond  Evans  Peak  it  reap- 
pears, extending  along  the  slope  of  Keddie  Ridge,  as  shown  in  PI.  V, 
to  its  northern  end,  beyond  Dyer  Peak,  where  it  sinks  beneath  the 
lavas  of  Lassen  Peak.  The  A^-idth  of  the  belt  is  from  cme-half  to 
IJ  miles,  and  the  total  length  is  nearly  30  miles. 

The  belt  is  (li\ided  longitudinally  by  volcanic  rocks  into  two  sub- 
ordinate Ix^lts,  which  cross  Genesee  Valley  at  the  ranch  known  as 
Robinson's,  from  which  the  formation  is  named.  On  the  north  side 
of  Genesee  Valley  the  rocks  of  this  formation  make  up  the  mound 
east  of  the  Robinson  house  and  the  point  crossed  by  the  road  west  of 
the  house.  At  the  last  locality  the  brown  calcareous  sandstones  and 
tuffs  are  full  of  fossils.  The  outcrop  passes  between  the  two  ledges 
of  the  Ilosselkus  limestone  and  follows  the  western  border  of  that 
limestone  northwest  l>eyond  Ilosselkus  Creek.  It  is  cut  off  by 
meta-andesite  along  the  summit  of  the  divide,  but  reappears  and 
shortly  ends  on  the  north  side  in  a  ravine  leading  down  to  Peters 
Creek.  Several  miles  farther  northea^st  on  Peters  Creek,  running  up 
from  the  trail  at  an  altitude  of  about  4,500  feet,  there  is  a  small  mass 
of  characteristic  reddish  and  gray  tuffaceous  sandstone  enveloped  by 
igneous  rocks.  The  characteristic  little  fossils  it  contains  leave  no 
doubt  as  to  its  identity.     Similar  sandstones  were  found  at  other 
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points  along  Peters  Creek,  but  thin  sections  revealed  no  microscopic 
fossils.  Isolated  outcrops  of  Robinson  beds  occur  also  near  the 
fortieth  parallel  among  the  tributaries  of  Wards  Creek. 

The  thickness  of  the  Robinson  formation  measured  a  short  distance 
north  of  Genesee  Valley  is  1,150  feet.  At  that  point  the  structure 
is  complex  and  the  exposure  not  complete,  but  the  total  thickness 
can  not  be  much  greater. 

Foss^Us  and  a^e. — The  first  fossils  collected  from  the  Robinson 
formation  were  probably  obtained  by  Ashbumer,  Brewer,  and  King 
in  1861,  but  sufficient  characteristic  fossils  to  determine  the  horizon 
were  not  obtained  until  1890,  when  Cooper  Curtice  visited  the  region 
and  discovered  many  new  localities  of  Mesozoic  and  Paleozoic  fossils. 
Since  then  a  large  number  of  fossils  have  been  collected  at  various 
points  from  the  Robinson  formation,  .chiefly  from  the  reddish-brown 
sandstone  and  tuff  on  the  first  spur,  about  half  a  mile  northwest  of 
the  Robinson  house. 

December  8,  1891,  C.  D.  Walcott  reported  the  following  fossils  from 
the  Robinson  locality: 


CamiK^phyllum  ?  sp. 
Fiivosites  sp. 
Crinoids. 
Archaeoridaris. 
KcMieHtella  2  sp.  undet. 
Streptorhynchiis  crenistria. 
Pn)ductii8  Hemireticulatiis. 
Pn)ductuB  punc'tatiis  ? 


Spirifer  cameratiw. 
Rhynchonella  Hp. 
Meekclla  like  HtriaticostAta  ('<  x. 
Aviculipei'ten  2  wp. 
Aviculipecten  interlineatuH. 
Myalina  of  siibquadrata  type. 
Edmondia  sp. 
Pleurotomaria  sp. 


Spirifer  lineatus? 

From  essentially  the  same  locality  Storrs,  in  1904,  collected  fossils 
numbered  6885  and  6886,  among  which  Girty  identified: 


Dielasma  ?  sp. 
Ac'tinostnuna  ??  sp. 
Stmmatopora  ??  sp. 


Calcareous  alga>? 
Fusulina  elcmgata  Shum. 
Tx)ph()phylluin  n.  sp. 
Sqiiainularia  near  S.  giiadalupensis. 

Half  a  mile  northwest  of  the  Robinson  locality,  on  the  west  of  the 
ridge,  at  an  altitude  of  4,700  feet,  in  approximately  the  same  beds, 
more  fossils  were  collected  (No.  6749),  among  which  Girty  (January 
12,  1905)  recognized: 


Calcareous  algae? 

Fjisulina  sp. 

Huj^)So  coral  ? 

ArchaHH'idaris  sp. 

Rhom]H>iH»ra,  lepidfKlendnudes  group. 


Squamularia  of.  8.  guadalupensis. 
Spiriferina-n.  sp. 
Avirulipcrten  sp. 
Pseudomonotis  ?  sp. 
Myo<*onclia  ?  sp. 
Indetennina>)lo  forms. 


Spirifer  sp. 

In  the  collections  from  the  ccmglomerate  (6732-6734)  l)etween  the 
two  localities  noted  above  Girtv  found: 

Aulopora  sp.  Rhombopora,  type  of  lepidoden<lrr)ide8. 

Slriatopora  n.  sp.  Lophophyllum  ?  sp. 

<  yst<Klictyasp.  Streptorhynchoid  braohiopod  ? 
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Some  of  the  fossiliferous  limestone  nodules  in  the  conglomerate 
looked  hke  pebbles,  but  their  occurrence  in  fine  beds  interstratified 
with  the  conglomerate  shows  that  the  calcareous  nodules  are  indig- 
enous and  not  derived.  The  above  lists,  as  far  as  I  am  aware,  con- 
tain the  only  fossils  thus  far  determined  from  the  type  locality  of  the 
Robinson  formation  on  the  north  side  of  Genesee  Valley. 

South  of  Genesee  Valley,  near  the  Five  Bear  mine  on  the  west  side 
of  Wards  Creek,  G.  H.  Goodhue  foimd  in  the  Robinson  belt  some 
imperfect  fossils  among  which  Girty  recognizes  the  **  dorsal  valve  of 
a  brachiopod  belonging  to  the  genus  MeeJceUa,  though  possibly  it 
might  be  a  GeyereUay  This  locality  is  just  west  of  the  mill  of  the 
Five  Bear  mine,  and  the  material  looks  promising  for  the  collector. 

Four  miles  south  of  the  fortieth  parallel,  on  Little  Grizzly  Creek, 
at  the  southern  end  of  the  Robinson  belt  as  mapped  by  H.  W.  Turner 
in  the  Downieville  folio,  a  number  of  fossils  were  collected  at  various 
times  by  Curtice  and  Stanton.  Girty  has  recently  examined  the 
collections  and  reported  the  following  forms: 


Crinoid  stems. 
ArchsBocidaris  sp. 
Crania  sp. 
Schizophoria  sp. 
Orthotetes  ?  sp. 
Meekella  sp. 
CJionetes  n.  sp. 
Productus  semireticulatus  ? 


Marg:inifera  n.  sp. 
Spirifer  aff.  S.  cameratiw. 
Spirifer  sp. 

Spiriferina  aff.  S.  piilchra. 
Squamularia  lineata  ? 
Pugnax  ?  sp. 
Rhynchonella  sp. 
Myalina  sp. 


Since  the  Robinson  formation  was  named  ^  the  extensive  develop- 
ment of  the  Carboniferous  in  the  McCloud  River  region  of  California 
has  been  studied  and  subdivided  into  Nosoni,  McCloud,  Baird,  and 
Bragdon.  The  Genesee  and  McCloud  localities  are  over  100  miles 
apart,  and  from  a  paleontoiogical  point  of  view  Girty  has  given  the 
following  statement  concerning  their  correlations: 

The  fauna  of  the  Robinson  beds  is  varied  and  mteresting,  although  always  pre- 
served so  as  to  make  its  study  a  difficult  matter.  Comparing  it  with  the  three  well- 
characterized  faunas  of  the  McCloud  River  section,  those  of  the  Baird,  McCloud,  and 
Noeoni  formations,  one  readily  discovers  a  rather  close  correspondence  to  the  Nosoni 
fauna,  while  nothing  resembling  the  faunas  ot  the  Baird  and  McCloud  formations  has 
yet  been  found  in  the  Robinson  l)ed«.  As  many  species  are  common  to  the  two 
formations,  the  evidence  at  hand  certainly  favors  correlating  the  Robinson  with  the 
Nosoni. 

The  fauna  from  Little  Grizzly  Cret^k,  while  showing  certain  differences  fn)m  the 
typical  Robinm)n,  probably  l)elonga  to  the  same  horizon.  It  is  at  least  not  the  fauna 
of  the  Baird  or  McCloud. 

In  the  foregoing  lists  of  Girty  "calcareous  alg»''  refers  to  a  very 
minute,  almost  microscopic,  fossil  first  discovered  in  the  Carboniferous 
limestone  of  the  Klamath  Mountains.^     They  occur  abundantly  in 

«  Bii:i  QeoL  Soc.  America,  vol.  3, 18K2,  p.  374.  /  6  Am.  Jour.  Sd.,  voU  20, 1905,  p.  349. 
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portions  of  the  Robinson  beds  and  were  referred  to  David  White  for 
examination.     His  report,  dated  December,  1905,  is  as  follows: 

After  examining  excellent  sections  of  the  peculiar  little  fossils  in  the  limestone 
from  California,  I  am  dispo«ed  to  regard  them  as  foraminiferal  and  having  nothing 
whatever  to  do  with  planto.  The  organisms  seem  to  be  comj)osed  of  successively 
enlarged  chambers  in  linear  arrangement,  although  the  two  or  three  earlier  chambers 
occasionally  sliow  a  relative  position  suggesting  spirality.  The  (!entral  area  of  ea(!h 
cliam her  wall  is  somewhat  irregularly  perforated  after  the  manner  of  various  foraminif- 
eral genera.  These  perforations  are  irregular  in  form  and  appear  to  have  thickened 
margins  with  a  greater  or  less  amount  of  columnar  development.  The  external  siurfaces 
of  the  chaml)er  walls  do  not  seem  under  ordinary  magnification  to  exhibit  eitlier  the 
iwrforations  or  the  structure  which  are  to  be  expected  in  coralline  algse. 

Wiile  possessing  no  systematic  knowledge  of  the  Foraminifera,  I  venture  the  oj)iniou 
that  the  species  is  distmct  from,  though  probably  related  to,  Loftumi  Columbiana^ 
though  at  the  same  time  I  should  question  its  reference  to  the  genus  Loftusia. 

The  only  closely  related  fossil  reported  elsewhere  in  the  Carbonif- 
erous of  the  Sierra  Nevada  is  noted  bv  Turner  in  the  Bidwell  Bar 
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Fio.  5.— SectionH  of  opurs  north  of  Genesee  Valley  near  Robinson's.  1,  Swearinger  slate;  2,  Ilosseikus 
limestone;  3,  Robinson  formation;  4,  contact  zone  (homfels;;  5,  granodiorlte;  (>,  Reeve  mota-andeslte 
and  tull;  7,  Taylor  meta-andesite. 

folio,  page  3,  from  Edmanton,  about  10  miles  southwest  of  Quiney. 
The  original  specimens  on  which  Schuchert's  determination  was  based 
are  not  available  for  comparison,  but  it  is  not  improbable  that  they 
are  identical  with  those  of  Grenesee  Valley  and  Klamath  Mountains 
and  that  the  Robinson  formation  occurs  at  Edmanton. 

Relation  to  adjacent  fonnations, — The  older  rocks  to  which  the 
Kobinson  formation  is  related  are  the  Taylor  meta-andesite  and  the 
Peale  formation  upon  the  southwest,  while  the  newer  beds,  the 
Ilosselkus  limestone,  Swearinger  slate,  and  Trail  formation,  lie  upon 
the  northeast.  First  as  to  the  older  formations.  As  stated  in  con- 
nection with  the  Peale  formation,  they  are  separated  from  the 
Robinson  formation  by  a  belt  of  Taylor  meta-andesite.  It  is  a 
volcanic  rock  with  pronounced  porphyritic  structure.  In  some 
places  the  most  prominent  phenocrysts  are  plagioclase:  at  others 
they  are  augite.     The  tuffaceous  conglomerate  and  sandstone  of  the 


80  THE  TAYLORSVILLE  REGION,  CALIFORNIA. 

Kobinson  formation  are  composed  almost  wholly  of  volcanic  material 
erupted  in  connection  with  the  effusion  of  the  mass  of  meta-andesite. 
They  dip  to  the  southwest  beneath  the  sheet  of  volcanics  which  was 
the  source  of  their  material.  That  they  have  been  overturned  is 
demonstrated  not  only  by  this  inverted  succession  but  also  by  the 
fact  that  both  the  meta-andesite  and  the  Robinson  formation  dip 
southwest  beneath  the  Peale  beds,  which,  as  the  fossils  show,  are 
of  still  greater  age. 

The  relation  of  the  Robinson  formation  to  the  newer  strata,  the 
Hosselkus  limestone  and  Swearinger  slate,  which  lie  mainly  upon  the 
northeastern  border,  is  shown  in  fig.  5,  A  and  5,  which  illustrates  a 
section  running  across  the  points  of  limestone  a  mile  and  a  half  north- 
east of  Genesee.  In  that  locality  the  Robinson  beds  evidently  lie 
unconformably  beneath  all  the  later  formations  with  which  they 
come  into  contact. 

TRIASSIC. 
H0S8KLKi:s  LIMENTONK. 

LUhologic  character. — The  Hosselkus  limestone  is  dark  blue  on  fresh 
fracture,  but  weathers  light  gray,  and  contains  a  few  veins  of  white 
calcite.  It  is  thin  bedded  and  in  some  places  decidedly  slaty,  forming 
prominent  ledges  on  the  divide  between  Genesee  Valley  and  Hosselkus 
Creek,  a  mile  northeast  of  the  Hosselkus  ranch,  from  which  the  lime- 
stone was  named.  It  is  well  characterized  by  small  ammonites. 
Although  they  are  not  only  uncommon  but  indistinct,  yet  they  readily 
serve  as  a  means  of  distinguishing  this  limestone  from  any  other. 
In  the  Redding  region,  where  this  limestone  is  particularly  well 
developed,  the  upper  part  is  lighter  colored  and  more  massive,  with  a 
spirifer-like  shell,  and  the  lower  part  thinner  bedded  and  darker, 
with  small  coiled  forms,  but  in  the  Taylorsville  region  no  such  differ- 
ences are  apparent. 

Distribution  and  thickness, — ^The  most  important  outcrops  of  this 
limestone  are  on  the  divide  already  indicated  north  of  the  Robinson 
place.  It  forms  two  hills  on  th^  ^crest,  running  nearly  northeast  for 
half  a  mile,  then  turns  northwest  and  crosses  the  valley  of  Hosselkus 
Creek,  but  soon  disappears.  Tliis  continuous  exposure  is  only  about 
2  miles  in  length,  but  an  isolated  outiirop  occurs  at  each  end  along  the 
strike,  one  at  the  head  of  a  ravine  tributary  to  Peters  Creek  and  the 
other  near  the  road  a  mile  east  of  Hosselkus,  increasing  the  total 
length  of  exposure  to  about  6  miles  but  not  extending  it  beyond 
North  Arm  to  the  northwest  or  Grejiesee  Valley  to  the  southeast. 

Several  isolated  outcrops  of  the  Hosselkus  limestone  occur  on  the 
lower  slope  of  Grizzly  Mountains,  a  mile  southwest  of  the  mouth  of 
Little  Grizzly  Creek.  Tliey  contain  irregular  patches  of  cherty  matter 
and  traces  of  crinoid  steins,  both  round  and  pentagonal.     These 
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outcrops  are  approximately  in  line  and  make  an  exposure  nearly  a 
mile  in  length.  The  general  strike  is  N.  5®  E.,-  and  the  dip  70°  NW. 
into  Grizzly  Mountains.  Over  50  feet  of  limestone  are  exposed. 
Traces  of  red  beds  occur  at  its  base,  though  it  is  for  the  most  part 
directly  in  contact  with  the  meta-andesite.  Just  above  the  limestone 
black  flinty  material  occurs  which  suggests  some  of  the  Swcaringer 
slate,  and  judging  from  the  size  and  character  of  the  limestone,  as 
well  as  its  fossils  and  association,  there  appears  to  be  little  doubt 
that  this  mass  really  belongs  to  the  Hosselkus  limestone. 

Notwithstanding  its  restricted  occurrence  in  the  Taylorsville  region, 
it  is  more  widelv  distributed  to  the  northwest  in  the  Lassen  Peak 
quadrangle,  where  it  is  included  with  other  sediments  in  the  Cedar 
formation.  In  the  Redding  quadrangle,  where  it  has  its  greatest 
development,  it  is  rich  in  fossils  and  remarkable  for  its  lenticular 
character.  The  greatest  thickness  of  the  Hosselkus  limestone  in  the 
Taylorsville  region  is  about  140  feet. 

Fossils  and  cuje. — The  fossils  collected  from  this  limestone  by  Pro- 
fessor Hyatt  and  others  in  the  Taylorsville  region  have  not  yet  been 
fully  worked  up.     A  partial  list  is  given  by  Hyatt:* 

1.  Arcestes — phylum  of  A.  tomaii. 
Arcestes — phylum  of  A.  galeati. 
Arcestes — phylum  of  A.  hicarinati. 
Arcestes — phylum  of  A.  sublabiati. 

BadioliteSy  allied  to  B.  eryx  Mojsis. 

JuvmrUeSf  allied  to  /.  erliehi  Mojsis. 

TropiteSf  may  b6  young  of  species  occurring  in  IJalobia  slates. 

Atractites. 

Arcestes  (I)  is  very  abundant,  but  whether  the  other  forms  are  abundant  or  not  it 
is  difficult  to  say  at  present.  The  materials  gathered  show  that  the  rock  is  full  of 
fotisils,  but  these  can  not  be  obtained  in  any  reasonable  time  by  means  of  surface 
work.  Besides  the  species  mentioned,  there  is  a  form  of  AcrochordiceraSj  with  finer 
costse  than  those  occurring  in  the  Muschelkalk,  a  possible  BalatonUeSj  like  B.  waageni 
of  the  Noric,  and  some  other  fragments  of  ceratitinse,  all  indicating  a  fauna  rich  in 
ammonoids,  which  will  some  day  yield  a  good  harvest  to  patient  work. 

Professor  Hyatt  concludes  that  the  age  of  the  Hosselkus  limestone 
as  indicated  by  the  fossils  is  upper  Triassic.  To  this  list  Spiriferina 
and  fish  vertebra,  as  determined  by  Stanton,  were  added  last  sum- 
mer. This  limestone  has  not  yet  been  thoroughly  examined  for  rep- 
tilian remains,  such  as  J.  C.  Merriam  has  found  in  the  Redding  quad- 
rangle, but  as  the  limestone  of  the  Taylorsville  region  is  more  altered 
and  nmch  less  fossil  if erous,  reptilian  remains  are  less  likely  to  occur. 
In  the  Redding  region  the  more  massive  upper  portion  of  the  Hossel- 
kus limestone  is  characterized  by  the  presence  of  Spiriferinay  while 
the  lower,  darker,  thin-bedded  portion  often  abounds  in  small 
ammonites.     In  the  Taylorsville  region  an  attempt  was  made  to 

determine  the  upper  and  lower  sides  of  the  limestone  by  its  fossils 
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Spiriferiria  was  found  at  only  one  point  on  the  side  adjoining  thi 
Swearinger  slate.  In  »this  respect  it  agrees  with  the  Redding  region 
and  tends,  as  we  shall  show  later,  to  confirm  the  view  that  thi 
Ilosselkus  limestone  on  the  crest  of  the  divide  north  of  Genesee  Val 
ley  is  overturned.  It  should  be  noted,  however,  that  the  small  coile< 
forms  of  ArceMes  are  most  abundant  on  the  same  side,-  which  does  no 
strengthen  the  view  concerning  the  Spiriferina, 

Relation  to  the  Robinson  formation, — The  reference  of  the  Hosselku 
limestone  to  the  upper  Triassic  and  the  Robinson  formation  to  th 
upper  Carboniferous  indicates  a  decided  gap  between  them,  a  ga] 
which  is  at  least  partially  filled  in  the  more  complete  section  of  th 
Redding  region,  where  a  great  thickness  (over  1,000  feet)  of  andesiti 
and  rhyolitic  lavas,  with  1,500  feet  of  overlying  shales,  sandstones 
and  tuffs  of  Triassic  age,  comes  between  the  horizon  of  the  Robinsoi 
formation  and  that  of  the  Hosselkus  Umestone.  It  is  evident,  there 
fore,  that  in  the  Taylorsville  region  there  is  a  decided  interruptioi 
between  the  Hosselkus  Umestone  and  the  Robinson  formation.  It  i 
possible,  however,  that  their  contact  in  the  Taylorsville  region  is  j 
plane  of  displacement,  and  that  the  formations  of  the  Redding  regio] 
missing  in  the  Taylorsville  region  may,  in  part  at  least,  be  thu 
accounted  for.  This  matter  will  be  considered  more  in  detail  in  th 
discussion  of  the  relation  of  the  Swearinger  slate  to  adjacent  forma 
tions.     (See  fig.  5.) 

SWEARINGER  SLATE. 

LUhologic  character. — The  Swearinger  formation  is  composed  cliiefl; 
of  dark  slaty  shale,  sometimes  becoming  more  or  less  calcareous  ant 
at  others  decidedly  siliceous,  but  the  tliin  beds  of  limestone  or  cher 
form  only  a  small  proportion  of  the  whole  mass.  In  the  side  of  th 
Swearinger  slate  adjoining  the  Hosselkus  limestone  thin  lenticula 
beds  of  limestone  become  more  abundant.  They  are  generally  dark 
with  irregular  cherty  or  sandy  layers,  and  fossiliferous. 

Distribution. — The  Swearinger  slate  has  a  very  limited  distributio] 
in  the  Taylorsville  region.  Its  best  exposure  is  on  the  spur  which  w 
called  ''Triassic  spur,''  running  up  from  Swearinger's  house  and  sprin] 
to  the  point  of  Hosselkus  limestone  near  the  crest  where  the  are; 
divides.  A  small  part  keeps  southwest  of  the  limestone  and  crosse 
over  to  tlie  spur,  wliich  is  chiefly  of  Robinson  beds.  On  this  spui 
which  has  been  called  the  ''Carboniferous  spur,"  near  the  limeston 
is  the  locality  of  Hyatt's  ^^Ilalobia  bed,"  wliile  the  Monotis  bed 
DaoneUa  bed,  and  Rhabdoceras  bed  of  Hyatt  are  on  the  "Triassi 
spur." 

The  main  body  of  the  Swearinger  slate  extends  north  along  th 
eastern  or  northeastern  side  of  the  Ilosselkus  limestone  for  about  2 
miles  from  Genesee  Valley,  gradually  narrowing  to  the  northwest  an< 
finally  disappearing.    It  could  not  be  found  along  Hosselkus  CreeL 
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where  the  Trail  formation  comes  into  contact  with  the  Hosselkus  lime- 
stone, nor  south  of  Genesee  Valley,  where  the  Trail  formation  comes 
in  contact  with  the  Robinson.  The  outcrop  of  the  Swearinger  slate 
in  the  Taylorsville  region  is  limited  along  the  strike  to  a  distance  of 
less  than  3  miles  and  a  width  where  greatest  of  about  a  tliird  of  a 
mile.  Along  the  eastern  border  it  is  much  altered  in  contact  with 
the  granodiorite  of  the  region. 

TMckness. — The  greatest  thickness  of  the  Swearinger  slate  exposed 
along  Genesee  Valley,  where  measured,  is  about  200  feet,  but  the 
amount  cut  off  by  the  granodiorite  or  covered  by  the  overlapping 
Trail  formation  we  have  no  means  of  estimating  except  by  comparison 
with  formations  of  the  same  horizon  in  other  regions;  such  compari- 
son indicates  that  the  thickness  is  probably  not  over  400  feet. 

Fossils  and  age. — The  fossils  of  the  Swearinger  slate  were  discovered 
and  described  by  the  Geological  Survey  of  California  under  Prof.  J.  D. 
Whitney.  Our  knowledge  of  the  fauna  was  greatly  extended  by  Prof. 
Alpheus  Hyatt,  who  has  pubUshed**  lists  of  the  forms  found  in  the 
subordinate  paleontological  horizons  within  the  formation.  They 
need  not  be  repeated  here  except  to  note  that  the  form  from  these 
beds  once  regarded  as  Monotis  suhcircularis  is  now  considered  by  J.  P. 
Smith  and  others  to  be  Pseudomonotis,  Professor  Hyatt  regarded  the 
Swearinger  slate  as  belonging  to  the  upper  Triassic,  equivalent  to  the 
upper  Noric  of  the  Alpine  Triassic,  and  as  far  as  I  am  aware  tliis  refer- 
ence has  not  been  changed  essentially  by  the  somewhat  later  researches 
of  Professor  Smith. 

Relaiion  to  adjacent  formations. — ^The  general  dip  of  the  Swearinger 
slate  is  to  the  southwest  beneath  the  Hosselkus  limestone,  and  on 
this  account  it  was  at  first  supposed  **  to  be  older  than  the  Hosselkus 
limestone.  In  the  Redding  quadrangle  of  Shasta  County,  where 
these  Triassic  rocks  are  extensively  exposed  and  much  less  disturbed, 
Prof.  J.  P.  Smith  discovered  that  the  Psevdomonotis  horizon,  corre- 
sponding to  at  least  part  of  the  Swearinger  slate,  is  above  instead 
of  below  the  Hosselkus  limestone.^  A  study  of  the  same  region  as 
set  forth  in  the  Redding  folio  confirms  us  in  the  same  opinion,  and 
shows  that  in  the  Taylorsville  region  the  Triassic  has  been  over- 
turned, reversing  the  natural  order  of  superposition.  Everywhere 
the  Swearinger  slate  and  the  Hosselkus  limestone  are  essentially 
conformable.  In  the  Taylorsville  region  they  do  not  appear  coex- 
tensive, but  this  lack  may  be  due  to  displacement. 

The  only  other  sedimentary  formation  with  which  the  Swearinger 
slate  comes  in  contact  is  the  Robinson,  and  judging  from  their  fauna! 
relations,  belonging,  respectively,  the  one  to  the  top  of  the  Triassic 
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and  the  other  near  the  top  of  the  Carboniferous,  they  must  be  in 
unconformable  contact,  and  the  discordance  must  represent  a  time 
interval  of  long  duration,  an  interval  which  is  represented  in  the 
Redding  region,  as  already  explained,  by  a  great  thickness  of  lavas 
overlain  by  1,500  feet,  chiefly  of  shales — the  Pit  formation,  belonging 
to  the  middle  Triassic.  The  conformity  of  the  Swearinger  slate  and 
the  Hosselkus  limestone  and  the  unconformity  of  both  on  the  Robin- 
son formation  is  shown  in  fig.  5,  A  and  B,  which  illustrates  a  section 
near  Robinson's  place. 

Beginning  with  the  limestone  on  the  left-hand  spur,  where  it  has 
been  burned  for  lime,  we  find  it  contains  fossils  that  identify  it  with 
the  Hosselkus  limestone  of  the  next  two  spurs  to  the  east.  This 
spur  is  made  up  chiefly  of  slates  in  which  no  fossils  have  been  found. 
The  first  ravine  toward  the  right  is  cut  in  meta-andesite,  the  eastern 
side  of  which  is  tuffaceous  and  belongs  to  the  Robinson  formation. 
The  tuff  and  calcareous  sandstone  both  contain  an  abundance  oi 
Carboniferous  fossils,  and  in  connection  with  the  tuffaceous  con- 
glomerate which  underlies  the  sandstone  they  form  the  second  spui 
of  the  section,  fig.  5,  -4,  up  to  an  elevation  of  4,500  feet.  Above  that 
point,  as  shown  in  fig.  5, 5,  the  spur  is  composed  of  HaXobia  beds  oi 
the  Swearinger  slate  overlain  by  the  Hosselkus  limestone,  and  both 
are  fossiliferous.  They  form  an  arch  over  the  spur  to  both  ravines, 
down  which  they  extend  far  enough  to  appear  in  fig.  5,  A.  The 
strike  of  the  Robinson  formation  on  the  lower  part  of  the  spur  carries 
them  unconformably  beneath  the  Triassic  arch,  and  it  is  evident  tliat 
the  line  of  contact  between  Paleozoic  and  Mesozoic  is  one  of  displace- 
ment, along  which  the  overturned  Triassic  was  shoved  eastward  across 
the  truncated  edges  of  the  Robinson  formation.  The  local  disap- 
pearance of  the  Swearinger  slate  between  the  Hosselkus  limestone 
and  the  Robinson  formation  is  most  likely  due  to  displacement. 

JURASSIC. 
GENERAL  ACCOUNT. 

There  are  seven  Jurassic  formations  of  the  Taylorsville  region. 
The  Trail  formation  is  the  oldest;  then  follow  the  Hardgrave  sand- 
stone, Thompson  limestone,  Mormon  sandstone,  Bicknell  sandstone, 
Hinchman  tuff,  and  Foreman  formation  in  regular  succession.  With 
the  exception  of  the  last  their  surface  distribution  is  limited  to  a 
comparatively  small  area  about  Mount  Jura,  and  to  facilitate  matters 
it  may  be  stated  here  that  the  whole  set  of  beds  have  been  overturned 
and  that  the  Hardgrave  sandstone  apparently  lies  on  top.  In  theii 
attitude  they  are  like  the  Triassic  and  Carboniferous,  already  de- 
scribed.    The  strike  is  northwest  and  the  dip  southwest. 
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TRAIL  FORMATION. 

LUhologic  character. — ^The  Trail  formation  includes  a  mass  of  strata 
composed  largely  of  slaty  shales  with  some  interbedded  sandstones 
and  conglomerates.  It  is  well  exposed  along  Hosselkus  Creek  on  the 
trail,  hence  the  name.  The  shales  are  often  purplish  or  red,  but  per- 
haps more  frequently  gray,  with  pencil  structure  locally  developed, 
and  contain  in  places  numerous  cherty  nodules  of  carbonate  of  lime. 
Well-marked  slaty  structure  is  not  uncommon.  The  sandstonpg  are 
generally  fine,  often  somewhat  slaty,  are  thin  bedded,  and  vary  from 
gray  to  almost  black.  The  conglomerates  of  slate  and  sandstone 
pebbles,  sometimes  3  inches  in  diameter,  generally  contain  much 
volcanic  material.  Approaching  the  contact  with  the  granodiorite 
in  many  places  the  fine  sediments  become  darker  and  more  compact, 
with  conchoidal  fracture,  and  pass  into  regular  hornfels,  a  specimen 
of  which  from  Hornfels  Point  is  No.  134  in  the  Educational  Series  of 
Rocks."  Some  of  the  beds  of  tuff  are  well  defined,  ranging  from  10 
to  50  feet  or  more  in  thickness,  and  occasionally  coarse.  Tuffaceous 
conglomerates  are  most  abundant  on  the  side  toward  the  Swearinger 
slate,  but  extend  throughout  the  formation,  and  a  strip  of  50  feet  of 
slaty  conglomerate  occurs  in  the  volcanics  which  bound  the  sedi- 
ments on  the  northeas't. 

Distribution, — There  are  two  principal  areas  of  the  Trail  formation, 
one  north  of  Genesee  Valley  and  the  other  south.  That  north  of 
Genesee  Valley  is  blunt  wedge-shaped,  with  its  base  2  miles  in  width 
along  Hornfels  Point,  where  the  sediments  have  been  greatly  altered 
by  the  underlying  granodiorite.  This  area  borders  the  Swearinger 
slate  and  Hosselkus  limestone,  crosses  Hosselkus  Creek,  but  is  cut  off 
by  the  volcanics  before  reaching  the  Lucky  S  road.  From  near  its 
southeast  corner  it  sends  off  two  irregular  projections.  The  long, 
narrow  strip  running  northwest  across  Hornfels  Point  to  Hosselkus 
Creek  is  chiefly  slaty,  sometimes  pebbly  shale.  The  bedding  dips 
83°  SW.  and  strikes  N.  50°  W.,  parallel  to  the  course  of  the  belt, 
which  is  in  places  only  60  feet  in  width,  and  is  bounded  on  both  sides 
by  volcanic  rocks  related  to  metaaugite  andesite.  The  projection 
running  east  Ues  between  the  granodiorite  and  the  volcanics.  Much 
of  it  is  greatly  altered  by  the  underlying  granodiorite,  and,  consisting 
largely  of  volcanic  material,  may  perhaps  belong  with  the  volcanics 
on  the  north  rather  than  to  the  Trail  formation. 

From  Genesee  Valley  the  Trail  formation  extends  southeast  to  the 
basalt  flows  of  Ingalls  Peak.  It  lies  between  the  granodiorite  on  the 
one  hand  and  andesite  porphyry  on  the  other,  except  for  a  short  dis- 
tance northeast  of  Genesee  mine,  where  it  comes  in  contact  with  the 
slates  of  the  Robinson  formation.  The  total  length  of  the  exposure 
of  the  Trail  formation  along  the  strike  is  about  7  miles  and  is  limited 
in  both  directions  by  volcanics. 

o  Bull.  U.  8.  OeoU  Survey  No.  150, 1806,  p.  337. 
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Thickness, — The  thickness  of  the  Trail  formation  was  measured  on 
the  prominent  spur  next  north  of  Homfels  Point  descending  into  the 
sharp  bend  of  Hosselkus  Creek  and  found  to  be  about  2,900  feet. 

Fossils, — Fossils  have  been  carefully  sought  for  in  the  Trail  forma- 
tion, but  with  little  success.  However,  traces  of  plants  and  animals 
have  been  found  together  at  an  elevation  of  5,600  feet  on  the  next 
spur  north  of  Homfels  Point,  and  also  a  half  mile  northeast  of  the 
Gruss  mine  at  an  elevation  of  4,700  feet  south  of  Genesee  Valley. 
Nothing  whatever  could  be  made  of  the  plants,  but  of  the  other  fossils 
Stanton  reports  *' undetermined  small  bivalves,  possibly  Estheriay  a 
crustacean.  It  is  a  nonmarine  genus  occurring  in  fresh  or  brackish 
water  and  is  a  common  form  in  the  Trail  beds.  Similar  fossils  occur 
in  the  Carboniferous  as  well  as  in  Triassic  and  later  formations.'' 
It  is  evident  therefore  that  the  fossils  furnish  little  aid  in  determining 
the  taxonomic  position  of  the  Trail  formation.  For  this  we  must 
depend  chiefly  upon  its  apparent  relation  to  the  Swearinger  formation. 

Relation  to  Swearinger  formation. — The  general  dip  of  the  Trail 
formation  on  tiie  measured  section  is  southwest  at  an  angle  ranging 
from  35°  to  80°,  and  it  passes  directly  beneath  the  Swearinger  slate 
and  Hosselkus  limestone.  AHention  has  already  been  called  to  the 
fact,  well  illustrated  in  the  Redding  region,  that  the  Swearinger  slate 
is  younger  than  the  Hosselkus  limestone  and  that  in  the  Taylorsville 
region  it  has  been  overturned.  This  overturning  includes  also  the 
Trail  formation,  and  indicates  that  the  Trail  formation  is  the  one 
next  newer  than  the  Swearinger.  It  seems  evident  also,  from  the 
way  in  which  the  Trail  formation  overlaps  first  the  Swearinger  slate 
and  then  the  Hosselkus  limestone  to  the  Robinson  formation;  that 
the  Trail  formation  is  unconformable  on  all  of  them.  The  only  other 
rocks,  besides  those  just  mentioned,  that  come  in  contact  with  the 
Trail  formation  are  granodiorite  and  the  various  volcanics  by  which 
the  Trail  formation  has  been  covered  and  its  exposures  limited. 

Correlation, — The  horizon  of  the  Trail  formation,  as  far  as  it  can  be 
made  out  in  the  Taylorsville  region,  appears  to  be  unconfonnably 
over  the  Swearinger  slate,  in  essentially  the  same  relative  position  as 
the  Modin  formation  of  the  Redding  quadrangle  at  the  base  of  the 
Jurassic  sediments.  Lithologically  the  two  formations  are  similar 
and  may  be  regarded  as  approximately  equivalent,  but  this  correla- 
tion secures  no  direct  support  from  the  paleontologic  evidence.  The 
Modin  formation  is  locally  rich  in  fossils  and  they  occur  in  many 
places,  although  there  are  many  other  places  where  none  could  be 
found.  Stanton  compared  the  two  faunas  and  reports  that  *'  Esthena 
has  not  been  found  jn  the  Modin  formation,  but  its  absence  from  that 
formation  is  to  be  expected  because  all  the  fossils  known  from  it  are 
marine.  The  fossils  j)resent  no  serious  objections  to  regarding  the 
Modui  and  Trail  beds  as  time  equivalents." 
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The  relation  of  the  Trail  formation  to  the  Hardgrave  sandstone, 
which  in  the  Taylorsville  region  is  its  successor,  will  he  considered 
with  the  later  formation. 

HARDGRAVE  SANDSTONE. 

Lithologic  character. — The  Hardgrave  sandstone  is  red  or  gray  in 
color.  It  varies  from  fine  shaly  sandstone  to  conglomerate  and  is 
almost  wholly  of  a  tuffaceous  character.  The  most  conmion  color  is 
red,  ranging  from  brick  red  to  dull  brown,  but  much  of  it  is  gray,  and 
the  two  colors  are  intermingled  irregularly  in  the  same  bed.  The 
bedding  is  generally  well  marked,  but  in  a  few  localities  the  massive 
outcrops  show  little  trace  of  stratification.  Where  the  sediments  are 
fine  the  sandstone  passes  into  shale,  which  occasionally  shows  a  de- 
cided slaty  cleavage  and  breaks  up  into  long,  slender,  {)encil-shaped 
fragments.  Generally  the  sandstone  is  so  fine  as  not  to  appear  gran- 
ular and  breaks  with  a  splintery  fracture.  The  rock  is  firmly  lithified 
and  yet  is  comparatively  soft,  owing  to  the  weakness  of  the  calcareous 
cement.  When  the  coarser  forms  of  Hardgrave  sandstone  are  broken 
the  fracture  generally  passes  around  the  grains  instead  of  through 
them,  allowing  them  to  stand  in  relief  upon  the  fracture  surface  and 
make  it  rough.  Rarely  it  is  hard  and  flinty,  much  fractured,  and 
veined.  In  acid  both  the  red  and  gray  varieties  effervesce  freely,  and 
locally  they  contain  small  limy  patches.  Carbonate  of  lime  is  the 
principal  cement,  but  in  the  red  and  weathered  forms  oxide  of  iron 
plays  an  important  part.  Near  its  contact  with  igneous  rocks  it  is 
colored  yellowish  green  by  epidote.  Coarse  gray  sandstone  and  fine 
conglomerate  are  much  less  abundant  than  the  finer  forms.  They 
afford  a  much  better  opportunity  to  see  the  volcanic  character  of  the 
material.  It  is  mainly  volcanic  sand,  made  up  of  crystal  fragments 
of  plagioclase  feldspar  with  many  lapilli,  usually  more  or  less  vesicular, 
and  often  filled  with  minute  lath-shaped  crystals  of  feldspar,  which 
are  for  the  most  part  so  altered  that  their  polysynthetic  twinning,  if 
j)rosent,  can  not  be  seen.  Many  of  the  feldspar  fragments  are  plagio- 
clase, but  a  somewhat  smaller  number  appear  to  be  orthoclase  and 
I)ossil)ly  some  quartz.  One  of  the  striking  features  of  this  sandstone, 
ai)j)arent  only  on  microscopic  examination,  is  the  paucity  of  quartz. 

Dwtrihution. — ^The  Hardgrave  sandstone  is  limited  in  its  distribu- 
tion within  the  Taylorsville  region  almost  exclusively  to  the  sloj)e  of 
Mount  Jura,  and  occurs  in  two  belts.  One,  the  main  belt,  lies  along 
the  western  base  of  Mount  Jura,  and  the  other,  the  crest  belt,  lies  near 
tlie  crest  of  the  prominent  spur  running  south  from  the  summit  of 
Mount  Jura. 

The  main  belt,  wavy  in  its  course,  runs  southeast  almost  continu- 
ously along  the  western  base  of  Mount  Jura  from  North  Ann,  near 
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Dead  Fall  Lane,  to  Huntington's,  and  beyond  to  the  lower  slope  oi 
Grizzly  Mountains,  where  two  small  areas  mark  its  termination  against 
a  great  mass  of  ancient  quartz  porphyry.  The  total  length  of  this 
belt  is  a  little  over  4  miles,  with  a  width  ranging  from  a  few  feet  tc 
a  third  of  a  mile.  This  belt  is  the  most  accessible,  and,  lying  on 
!  steeper  slopes,  contains  better  exposures  than  most  of  the  other  areas, 

Coarse  gray  calcareous  sandstone,  weathering  very  rough,  crops  out 
.1  at  a  number  of  points  along  the  western  border,  and  east  of  it  the  finei 

red  and  gray  beds  occur.     They  are  well  exposed  by  the  road  a  short 
distance  northeast  of  Taylorsville,  opposite  the  steel  bridge,  and  about 
J,  a  mile  farther  southeast,  near  Donnerwirth's,  but  outcrops  occui 

I  throughout  the  greater  portion  of  the  belt,  though  somewhat  less 

;!  abundant  and  conspicuous  than  those  of  the  meta-andesite  next  east- 

,  ward.     The  strike  of  the  beds  everywhere  is  approximately  parallel 

I;  to  the  course  of  the  outcrops,  and  the  dip  is  westerly.     The  inter- 

ruptions in  this  belt  east  of  Taylorsville,  opposite  the  mouth  of  Mont- 
gomery Creek  and  on  the  lower  slope  of  Grizzly  Mountains,  are 
due  chiefly  to  the  eruption  of  the  meta-andesite. 

The  next  most  important  area  is  the  one  which  parallels  the  first 
in  the  crest  belt.  It  is  a  narrow  belt  extending  a  little  east  of  south 
from  the  summit  of  Mount  Jura  along  the  crest  overlooking  Hinch- 
man  Ravine.  In  lithology  and  fossils  it  is  in  the  main  identical  with 
the  belt  just  noted,  but  near  the  summit  is  somewhat  more  crushed 
and  veined. 

Between  these  two  belts  on  the  western  slope  of  Mount  Jura  there 

:  are  five  smaller  masses,  three  of  which  lie  directly  southwest  of  the 

Jura  sujmmit,  one  farther  south,  and  another,  the  latest  of  the 

separated  masses,  lies  a  little  farther  north.     A  more  isolated  small 

]  area  lies  at  an  elevation  of  4,500  feet  on  the  northern  end  of  Mount 

Jura,  near  the  old  lime  road. 

i  There  is  only  one  other  area  to  mention,  and  that  is  one  of  the 

I  smallest   and   most  isolated.     It  is  about   three-fourths  of  a  mile 

i  northeast  of  the  stage  road  at  the  crossing  of  Hinchman  Ravine, 

!  and   was  discovered  by  the  indefatigable  Curtice.     Lying  outside 

;  of  the  area  marked  out  by  the  two  belts  on  Mount  Jura,  its  degree 

of  isolation  is  very  much  greater  than  that  of  any  of  the  other  areas 

in  the  region.     The  identification  of  all  these  isolated  masses  rests  on 

paleontologic  as  well  as  lithologic  evidence,  and  the  attitude  of  the 

j  strata  with  westerly  dip  is  essentially  the  same  in  all  the  areas. 

The  extremely  limited  and  patchy  distribution  of  the  Hardgrave 
sandstone  within  a  few  square  miles  about  Mount  Jura  is  a  striking 
feature.  It  does  not  occur  anywhere  else  in  the  Sierra  Nevada,  but 
80  miles  to  the  northwest  it  has  an  extensive  development  along  the 
border  of  the  Klamath  Moimtains  in  connection  with  the  Potem 
formation.     The  interval  is  now  covered  largely  by  the  lavas  of  Lassen 

/ 
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Peak,  but  during  the  Jurassic  the  two  areas  must  have  been  directly 
connected. 

ThicJcness, — The  maximum  thickness  of  Hardgrave  sandstone  as 
measured  half  a  mile  north  of  Donnerwirth's  may  be  850  feet,  but 
is  possibly  much  less,  for  the  measurement  involves  a  large  talus- 
covered  slope  in  which  the  limit  of  the  sandstone  could  not  be  defi- 
nitely determined.  At  a  number  of  points  in  the  same  belt  250  feet 
of  red  and  gray  beds  are  well  exposed.  In  the  crest  belt  running 
south  from  the  summit  of  Mount  Jura  two  measurements  were  made. 
One-third  of  a  mile  from  the  summit  the  Hardgrave  sandstone  is  112 
feet  in  thickness,  and  three-fourths  of  a  mile  from  the  summit,  near 
the  crest  at  the  head  of  a  prominent  spur  descending  southeast  to 
the  mouth  of  Hinchman  Ravine,  it  is  124  feet  in  thickness;  the  upper 
54  feet  are  gray  sandstone  partly  coarse,  while  the  lower  70  feet  are 
red.  It  is  evident  that  in  the  main  belt  the  sandstone  is  much  thicker 
than  in  the  crest  belt.  It  decreases  in  thickness  and  runs  out  against 
older  formations  to  the  south,  but  northward  it  may  continue  its 
thickness  beneath  newer  formations. 

Age, — The  paleontologic  investigations  of  the  Hardgrave  sand- 
stone were  made  by  the  late  Prof.  Alpheus  Hyatt,  wliose  preliminaiy 
report  is  as  follows:" 

The  Hardgrave  sandstone  contains  the  remains  of  a  very  abundant  fauna  and  the 
fossils  are  sufficiently  well  preserved. 

The  most  abundant  species  are  the  following:  Pecten  acutiplkatus,  Meek,  is  to  be 
expected  wherever  this  sandstone  occurs,  and  can  be  called  its  characteristic  fossil 
in  this  region;  Entolium  meeki  is  perhaps  the  next  in  abundance  and  is  almost  as  wide- 
spread in  distribution;  Pinna  expansa  is  not  found  everywhere,  but  it  forms  banks  like 
Ostnea  or  Unto  in  some  places  and  is  often  found  associated  with  the  two  above  named. 

The  age  of  the  Hardgrave  has  been  determined  by  cumulative  evidence.  That  it 
was  probably  a  member  of  the  Lias,  as  previously  stated  by  Prof.  Jules  Marcou,  be- 
came evident  after  a  preliminary  examination  of  the  fossils,  but  the  facts  leading  to 
the  conclusion  that  it  is  more  likely  a  member  of  the  upper  Lias  than  of  the  lowest 
Lias  were  more  difficult  of  acquisition.  It  contains  many  fossils  having  affinities 
with  those  of  the  lowest  or  infra  Lias,  and  the  Modiola  and  Mytihis  might  even  have 
occurred  in  the  uppermost  Trias  or  Rhaetic.  On  the  other  hand,  some  forms  have  very 
close  relations  to  the  same  genera  as  they  appear  in  the  Mormon  sandstone,  or  Oolite, 
of  the  same  locality.  Pinna,  Gervillidj  Ctenostreon^  Entolium,  Trigonia,  and  Cidaris 
show  an  assemblage  of  upper  Lias  types.  The  species  of  Entolium  and  Ctenostreon 
are  closely  related  to  those  of  the  Oolite  above,  and  one  species  of  THgonia  resembles 
I  lie  young  of  a  species  from  the  Oolite  of  western  Europe.  The  most  conclusive  evi- 
dence, however,  is  furnished  by  the  single  well-preserved  specimen  of  Glypheay 
which  1  was  so  fortunate  as  to  find  in  the  typical  locality  dose  to  the  village  of 
Tiiyloraville,  and  the  Goniomya,  allied  to  G.  v-scripta^  Agassiz. 

The  42  species  exhibited,  which  were  selected  from  the  collections  of  the  Geological 
Survey,  do  not  represent  the  entire  fauna.  I  have  still  further  restricted  the  list  given 
below  to  those  species  which  are  either  characteristic  or  have  been  described  and 
fij;jured  or  can  be  closely  compared  with  representative  European  species. 


oBuU.  OiK>l.  Soe.  America,  vol.  3,  1892,  p.  401. 
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TafkmTlUe,  Cat.  EnnipB. 

M(nilli\aullui,  ti.  ep.  I?) V.  haimei.  Chap,  et  Dewat.:  lower  Lias. 

(Mrma,  ttp Otirxa   imgulariM.  Chap,  et  Ekewal.;  inf 

rior  Lias  to  middle  Lias. 

Ottrica,  n.  ip Otirxa  aritlii,  Queost.:  lower  Lias. 

Anomia,  n.  up Artomia   ttrialuta,  Terq.  et   Piette;   low 

Madiola,  n.  sp Jfodiola  pnlonati.  Quenxt. :  lower  Lias. 

Mgtiltu,  n.  ap JfyliluM  ptilonoti,  Quenst. ;  lower  Lias. 

Mytilut.  n.  ep HytUut    tnqiuananut.   Chap,    et   Dewai 

lower  Lias. 

'  Pinna  expoTtMa,  a.  sp Pinna  hartnumni,  .\uct.;  lower  Lias. 

OrTiillia  liTitarit,  n.  sp Gerrillia  lanceolata,  Quenst.;  upper  Lias 

Gfrrillia  giganlea.  n,  up Gerrillia  ariruloida,  Quenst. :  Oolite. 

Grnillia  gigatUta.  n.  tip GervUlta  brlacalci*,  Quenst. ;  middle  Lias. 

lAnia.  n.  Hp lAma  nodulota.  Terq.  et  Piette;  lower  Lis 

Lima,  n.  HP Lima  chorta,  Dum. ;  lower  Lias. 

Lima,  n.  sp Lima  galatiim,  Dum.;  upper  Lias. 

CtmogtTfon,  n.  up lAma  tuberculata,  Dum.;  lower  Lias. 

Peeten  aeutiplifatiu,  Meek 1 

Lima  tinuala.  Meek iLtTrui  aeuiiroilata,  Schtlbl. ;  inferior  Oolit 

lAmareHiiMttata,  Meek J 

PeeUn,  n.  sp Pccien  talonia,  Goldf. ;  Lias  and  Oolite. 

PecUn,  n.  ap Peeten  dritilit,  MOnst.;  Lias  and  Oolite. 

.  Eniolivm  meeki,  n.  Mp Ptctm  dfrniiaua,  Goldf.:  Lias  and  Oolite. 

Gvniamya,  n.  sp Goniomya  r-tcHpta,  Ag. ;  upper  Lias. 

Pholadomya,  n.  ep Pholadomya  ambiyua.  Sow.;  upper  Lias. 

PUuTomya,  n.  sp Pleiiromya  ttrialula,  Dum.;  upper  Lias. 

Trigfmia,  n.  ep Trigonia  rottala.  Sow.;  middle  Lias. 

Trigonia,  n.  sp Trigonia  co»latula,  Lycett;  inferior  Oolib 

•^  Cidarii,  n.  sp Cidarif,  Quenst. ;  upper  Lias. 

'  Glyphma  punctata,  n.  sp Glyphtca  tolitaria,  0pp. ;  inferior  Oolite. 

I  showiil  the  unique  fossil  Glyphxa  pvnetala,  of  which  the  carapace  (with  the  exce 
tion  of  tilt'  tip  o(  the  Toatrum)  is  well  preserved,  to  Prof,  Walter  Faxon,  of  the  Museu 
of  Comparative  Zoology,  well  known  as  an  enpert  carcinologiat.  and  he  at  once  plan 
it  in  the  Jura  under  the  nameGlypbma.  G.  aolitaria.  0pp.,  of  the  lowest  Oolite,  zoi 
ot  Trigonia  navis,  is  not  only  very  dose  to  our  American  form  in  the  diaracteristi 
of  the  (lutnrcs  of  the  carapace,  but  the  auriace  has  the  rare  sculpturing  of  punct 
tion  in  place  of  the  usual  tuberculation  found  in  most  species  of  this  genus,  apeculit 
ity  bIho  charactcriatic  of  0.  punelata.  Such  forms  as  these  and  the  evidently  clo 
alliniice  mill  probable  continuity  of  the  fauna  through  migration  with  that  of  tl 
Mormon  iwndstnne  BUggeat  that  the  Hnrdgrave  aandstone  should  be  clamed  as  upp 
Lias  in  spite  of  the  largo  number  of  forma  which  arc  represented  by  apeeiea  occurrii 
itlso  ill  the  lower  and  middle  Lias  in  Europe. 

The  homogi^ncouB  character  of  the  rock  and  the  association  of  fosaila  found  in  tl 
larger  masses  ot  it  led  also  to  the  conclurion  that  it  represented  only  one  bed  in  t] 
upper  l.iiw,  lull  such  mi  mile  n^eeurchea  lui  would  have  cHtablished  this  beyond  qui 
tion  were  not  practicabie. 

yarmations. — The  next  sedimentary  formatic 

ve  aandstunc  i^  the  'I'rail. fonnatictu.    Thf 

in  roniact  or  wcu  near  each  other  in  tl 

tho  fact  that  tlio  Trail  beds  are  freal 
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water  deposits  and  the  Hardgrave  sandstone  marine,  they  may  be 
assumed  to  be  unconformable. 

The  sedimentary  formation  next  newer  than  the  Hardgrave  sand- 
stone is  the  Thompson  limestone.  They  have  not  been  foimd  in 
actual  contact,  but  sometimes  near  together,  separated  only  by  a 
sheet  of  meta-andesite.  Their  essentially  parallel  position  when  near 
together  indicates  conformability.  The  Hardgrave  sandstone  at 
several  points  is  in  contact  with  the  Mormon  sandstone,  but,  as  we 
shall  see  later,  it  is  the  result  of  faulting. 

The  Hardgrave  sandstone  is  almost  everywhere  in  contact  on  the 
one  hand  with  an  ancient  rhyolite  and  on  the  other  with  meta- 
andesite.  The  metarhyolite  is  on  the  western  side  of  the  Hardgrave 
sandstone  and  lies  upon  it.  The  sandstone  throughout  its  course  in 
both  belts  dips  westwjard  beneath  the  ancient  rhyolite  and  is  com- 
posed, as  already  pointed  out,  of  lapilli  and  debris  derived  from  the 
rhyolite.  It  is  therefore  younger  than  the  rhyolite,  and  their  posi- 
tion has  been  reversed  by  overturning. 

The  contact  of  the  Hardgrave  sandstone  with  the  meta-andesite 
along  its  eastern  border  is  less  regular  than  that  of  the  metarhyolite 
on  its  western.  The  dip  of  the  sandstone  is  west,  and  in  many 
places  it  appears  to  rest,  directly  on  the  meta-andesite,  which  passes 
beneath  it  with  the  same  inclination.  In  other  places — and  these  are 
important — the  igneous  rock  breaks  through  the  bedding  and  incloses 
many  fragments  of  the  sandstone,  showing  clearly  that  its  eruption 
took  place  after  the  sandstone  was  deposited.  The  included  sand- 
stone fragments  may  be  distinctly  seen  at  an  elevation  of  4,100  feet 
in  the  ravine  about  a  mile  north  of  Donnerwirth's,  as  well  as  at  other 
points  near  the  contact  within  the  area  of  the  meta-andesite.  The 
fragments  are  generally  small  and  red,  with  the  lithologic  character 
of  the  Hardgrave  sandstone,  but  no  fossils  were  found  in  them. 
Though  the  sandstone  along  the  contact  is  not  clearly  altered,  the 
igneous  rock  is  often  perceptibly  finer  grained  near  the  border,  owin^ 
to  the  cooling  influence  of  the  sandstone.  There  seems  to  be  scarcely 
room  for  doubt  that  the  meta-andesite  is  younger  than  the  Hard- 
grave sandstone, 

THOMPSON  LIMESTONE. 

Lithologic  character, — The  Thompson  limestone  is  gray  and  some- 
what shaly,  and  on  its  weathered  surface  in  places  are  round,  oblong, 
or  irregular  patches  of  darker  more  or  less  granular  calcite,  which  at 
once  suggests  fossils,  though  their  specific  determination  is  a  matter 
of  difficulty.  Where  shaly  it  is  generally  red,  highly  argillaceous, 
and  locally  full  of  long,  slender  gasteropods,  which  weather  out  and 
leave  the  porous  argillaceous  skeleton  of  the  limestone  full  of  "screw 
holes." 
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Areal  distribution  and  thickness, — The  Thompson  limestone,  like 
the  Hardgrave  sandstone,  outcrops  in  two  belts.  The  main  belt 
crosses  the  west  slope  of  Mount  Jura,  and  the  crest  belt  lies  along 
the  crest  running  south  from  the  summit  of  Mount  Jura. 

The  main  belt  is  irregular  and  interrupted,  extending  south  across 
the  west  slope  of  Mount  Jura  from  Mr.  Thompson's  on  North  Arm 
to  the  lower  slope  of  Grizzly  Mountains,  a  mile  southeast  of  Hunting- 
ton's, and  the  most  prominent  and  accessible  exposures  are  near  the 
north  end,  where  it  has  been  burned  for  lime.  At  Thompson's  it 
forms  a  bluff,  strikes  N.  70^  W.,  dips  40*^  SW.,  and  has  a  thickness  of 
30  feet. 

A  mile  to  the  southeast  the  limestone  is  interrupted  and  offset 
nearly  half  a  mile  to  the  east.  At  an  elevation  of  4,100  feet  outcrops 
begin  again  and  have  furnished  material  for  lime.  The  mass  at  tliis 
point  has  a  thickness  of  40  feet  and  curves  in  position  from  N.  53°  W. 
to  N.  28°  W.,  with  a  dip  of  about  40°  to  the  southwest.  It  contains 
a  number  of  irregular  forms  supposed  to  be  sponges.  The  bottom 
layer  of  Umestone  is  massive,  6  feet  in  thickness,  and  has  a  rough 
weathered  surface.  Below  the  limestone  reddish  and  gray  beds  are 
exposed  interstratified  with  limy  layers.  Above  the  limestone  are 
10  feet  of  red  shaly  limestone  or  calcareous  shales  locally  full  of 
Nerineaj  the  screw-shaped  gasteropod  to  which  allusion  has  already 
been  made.  At  this  locality  the  limestone  changes  its  course  from 
southeast  to  southwest  and  follows  a  prominent  spur  toward  Taylors- 
ville.  The  red  shaly  limestone  and  calcareous  shale  is  more  abundant 
and  continuous  than  the  lentils  of  gray  limestone,  and  the  whole  mass 
is  folded  and  displaced  in  a  complicated  fashion  along  Unes  running 
southeast,  producing  a  local  extension  in  that  direction  before  the 
general  course  is  resumed  a  mile  farther  southwest.  On  the  promi- 
nent spur  running  a  little  south  of  west  from  the  summit  of  Mount 
Jura  is  a  small  isolated  patch  of  red  beds  belonging  to  the  Thompson 
Umestone  horizon.  Their  strike  is  N.  15°  E.  They  are  highly  calcare- 
ous, f ragmen tal  in  appearance  upon  a  weathered  surface,  and  contain 
small  nodules  and  lenses  of  gray  limestone  as  large  as  18  inches  in 
diameter.  Traces  of  fossils  appear  in  the  gray  limestone  and  also  in 
the  red  beds,  but  none  are  well  enough  preserved  for  specific  deter- 
mination. On  the  next  spur,  half  a  mile  farther  south,  is  a  small  mass 
of  gray  limestone  10  feet  in  thickness  with  irregular  cherty  portions. 
It  is  directly  in  the  course  and  horizon  of  the  Thompson  limestone, 
but  no  fossils  were  found  in  place  at  this  point,  though  they  occur 
near  by  in  the  talus  and  in  place  a  mile  farther  southeast  beyond  the 
interruption.  On  the  spur  running  up  from  the  Narrows  the  calcare- 
ous red  beds  with  the  characteristic  fossils  of  the  Thompson  lunestone 
reappear  and  continue  to  the  road  above  Huntington's.  On  the  lower 
slope  of  Grizzly  Mountains,  in  the  southwest  quarter  sec.  7,  T.  25  N., 
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R.  11  E.,  the  terminal  outcrops  of  this  belt  of  Thompson  limestone 
appear  in  three  isolated  ledges  lying  along  a  line  extending  nearly- 
east  and  west.  Some  of  the  limestone  outcrops  strike  N.  36°  W. 
and  dip  45°  SW.,  a  position  which  connects  it  directly  with  the 
Thompson  limestone  of  Mount  Jura,  while  other  portions  strike 
N.  70°  E.  and  dip  50°  SE.,  probably  as  the  result  of  a  fault.  The  lime- 
stone exposed  at  this  point  ranges  from  4  to  25  feet  in  thickness.  It 
looks  like  the  Thompson  limestone  but  contains  only  traces  of  indefi- 
nite fossils.  However,  its  general  relations  to  other  formations  leave 
no  doubt  as  to  its  horizon. 

The  only  outcrop  of  Thompson  limestone  lying  outside  of  the  main 
belt  just  described  is  in  the  crest  belt  of  exposures  extending  south 
from  the  summit  of  Mount  Jura.  It  occurs  near  the  top  of  the  spur 
rising  northwest  from  the  mouth  of  Hinchman  Ravine,  at  an  elevation 
of  about  5,100  feet,  and  contains  the  curious  spongelike  forms,  while 
the  associated  red  beds  have  definite  characteristic  fossils.  The 
total  thickness  of  the  formation  at  this  point  is  probably  less  than 
20  feet  and  its  outcrop  is  scarcely  half  a  mile  in  length. 

The  Thompson  limestone  has  not  been  identified  anywhere  beyond 
the  immediate  vicinity  of  Mount  Jiu^a,  Considering  its  size  and 
variability,  this  is  not  a  matter  of  surprise. 

Relation  to  adjacent  formations. — ^The  relation  of  the  Thompson 
limestone  to  the  meta-andesite  that  boimds  it  upon  the  west  may  be 
clearly  seen  on  the  northern  slope  of  Mount  Jura,  near  the  end  of  the 
lime  road,  where  the  red  calcareous  beds,  full  of  slender  gasteropods, 
come  into  direct  contact  with  the  altered  andesite.  The  fossils  lie 
parallel  to  the  siurface  of  the  volcanic  rock,  practically  against  it,  with- 
out showing  any  alteration  due  to  the  presence  of  the  igneous  rock. 
This  relation  evidently  indicates  that  the  limestone  was  deposited 
upon  the  meta-andesite  and  is  of  later  age.  It  has  already  been 
shown  that  the  same  meta-andesite  is  younger  than  the  Hardgrave 
sandst(me.  The  general  dip  of  the  Thompson  limestone  is  to  the 
southwest  beneath  the  meta-andesite  by  which  it  is  bounded  in  that 
direction,  and  both  pass  beneath  the  Hardgrave  sandstone.  All 
have  been  overturned  together. 

On  the  eastern  side  the  Thompson  limestone  appears  to  con- 
formably overUe  the  Mormon  sandstone,  though  their  actual  contact 
is  rarely  exposed.  A  small  mass  of  rhyolite  separates  them  on  the 
steep  slope  overlooking  North  Arm,  but  a  short  distance  farther 
south  they  outcrop  near  together  in  parallel  positions. 

In  SW.  J  sec.  25,  T.  26  N.,  R.  10  E,,  where  the  limestone  turns 
abruptly  and  extends  east  for  nearly  half  a  mile,  it  appears  to  be  held 
directly  in  a  downward  fold  of  the  Mormon  sandstone.  The  two 
isolated  outcrops  west  and  southwest  of  the  summit  of  Mount  Jura, 
as  well  as  the  one. in  the  crest  belt  south  of  the  summit,  clearly  show. 
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as  illustrated  in  fig.  11,  that  the  Thompson  limestone  rests  upon  the 
Mormon  sandstone,  and  that  its  taxonomic  position  is  between  the 
Hardgrave  and  Mormon  sandstones.  It  must  be  remembered,  how- 
ever, that  the  strata  of  Moimt  Jura  having  been  overturned,  the 
younger  are  below. 

Fossils  and  age. — Professor  Hyatt "  refers  to  the  Thompson  lime- 
stone as  the  Opis  bed,  and  remarks: 

Mr.  Diller*8  cloee  and  repeated  investigations  of  the  stratigraphy  have  placed  the 
fjpis  bed  below  the  Mormon  sandstone  in  the  chronologic  series,  and  my  studios, 
although  they  led  me  to  incline  to  the  opinion  that  the  fauna  was  younger,  have  not 
succeeded  in  bringing  to  light  any  evidence  that  can  be  said  to  contradict  his  con- 
clusions. The  presence  of  a  large  form  of  Nerinea  with  the  columella,  showing  the 
typical  ridges  of  the  normal  forms  of  this  group,  indicates  that  this  limestone  is  not 
older  than  the  inferior  Oolite,  and  if,  as  seems  to  be  the  case,  it  is  older  than  the 
Mormon  sandstone,  it  will  probably  be  proved  to  be  a  member  of  the  inferior  Oolite. 

A  large  species  of  Opis  is  as  abundant  in  some  places  as  the  Nerinea^  and  this  genus, 
which  is  recorded  in  Europe  as  beginning  in  the  Trias,  is  usually  small  throughout 
the  lower  and  middle  Jura.  The  only  European  species  approximating  to  that  of 
this  limestone  is  the  Opis  paradoxa^  as  figured  by  Buvignier,  which  occurs  in  the 
Corallian  of  the  upper  Jura.  A  species  of  Terebratula,  apparently  identical  with  the 
lai^e  characteristic  species  of  the  Mormon  sandstone,  also  occurs  abundantly  in  this 
bed.  There  are  also  a  number  of  small  gasteropods  and  other  fossils  requiring  further 
investigation. 

MORMON  SANDSTONE. 

Lithologic  character. — The  Mormon  sandstone  consists  prevailingly 
of  sandstone,  passing  on  the  one  hand  into  conglomerate  and  on  the 
other  into  more  shaly  beds.  The  most  common  and  characteristic 
member  is  a  gray  compact  sandstone  so  fine  that  to  the  naked  eye  it 
does  not  appear  granular.  Its  color  becomes  brown  on  weathering, 
and  the  rock  frequently  contains  casts  of  a  small  RhynchoneUa. 
Among  the  grains  of  which  it  is  composed  there  are  many  of  quartz 
and  of  feldspar,  some  of  which  is  clear  plagioclase  with  distinct  twin- 
ning lamellae.  A  few  are  of  pale-green  augite,  but  most  of  them  are  of 
indefinite  clouded  material  in  which  here  and  there  small  lath-shaped 
crystals  of  feldspar  may  be  seen,  indicating  their  derivation  from 
igneous  rocks.  There  is  a  small  amount  of  carbonate  of  lime  present, 
and  it  becomes  somewhat  more  abundant  in  the  coarser  forms.  The 
conglomerate  of  the  Mormon  sandstone  is  generally  greenish,  but 
sometimes  reddish.  Its  pebbles  are  in  a  few  places  mainly  quartzite, 
but  at  most  localities  they  are  chiefly  of  meta-andesite  with  a  few  of 
metarhyolite,  and  range  from  one-eighth  of  an  inch  to  18  inches  in 
diameter.  Several  pebbles  of  limestone  were  observed,  but  none  con- 
tained fossils.  In  the  conglomerate  are  masses  of  fine  shaly  red  sand- 
stone with  decided  pencil  structure  parallel  to  its  stratification.  This 
same  sort  of  material  occurs  also  to  a  limited  extent  entirely  inde- 
pendent of  the  conglomerate,  and  in  such  cases  it  is  thin  bedded  and 
finely  stratified. 

.oBuil.  Geol.  Soc  America,  vol.  3, 1892,  p.  4(B. 
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Distribution  and  thickness, — The  Mormon  sandstone,  extending 
across  Mount  Jura  from  the  lower  slopes  of  Grizzly  Mountains  to  North 
^Vrm,  occupies  a  larger  area  than  that  of  the  Hardgrave  sandstone 
and  Thompson  limestone  combined.  At  both  ends  it  is  relatively 
broad,  but  in  the  middle  portion  it  is  divided  into  two  belts,  one  on 
the  west  slope  and  the  other  near  the  crest,  in  positions  corresponding 
to  the  two  belts  of  Hardgrave  sandstone  and  Thompson  limestone. 

At  a  narrow  point  in  the  wavy  belt  across  the  western  slope  of 
Mount  Jura  the  following  section  was  observed:  Adjoining  theeastem 
side  of  the  Thompson  limestone  is  45  feet  of  massive  gray  sandstone 
with  a  rich  fauna.  This  is  succeeded  farther  up  the  slope  by  30  feet 
of  conglomerate  and  finally  by  about  20  feet  of  finely  stratified  red 
shaly  sandstone,  the  ^^Inoceramus  bed''  mentioned  by  Professor 
Hyatt.  The  total  tliickness  of  this  belt  a  short  distance  farther  south 
increases  to  about  225  feet  and  the  conglomerate  becomes  more  prom- 
inent, but  farther  along  again  diminishes  and  is  scarcely  noticeable 
near  the  south  end. 

The  crest  belt,  long  and  narrow,  running  south  from  the  summit  of 
Mount  Jura  is  well  exposed  on  the  steep  slopes  facing  Hinchman 
Ravine,  and  affords  the  following  section:  Adjoining  the  Thompson 
limestone  is  a  mass  of  greenish  conglomerate  150  feet  in  thickness. 
Part  of  it  is  coarse  and  it  includes  much  andesitic  material.  Some 
greenish  sandstone  is  interstratified  with  the  conglomerate.  Below 
this  is  a  gray  sandstone  400  feet  in  thickness  well  characterized  by  the 
little  RhynchoneUa.  It  includes  some  shaly  beds  and  near  the  bot- 
tom traces  of  conglomerate.  The  total  thickness,  550  feet  at  this 
point,  is  much  greater  than  that  on  the  western  slope  of  Mount  Jura. 

The  curved  area  on  the  lower  slopes  of  Grizzly  Mountains  opposite 
the  mouth  of  Hinchman  Ravine  is  chiefly  gray  sandstone  and  repre- 
sents the  imion  of  the  crest  belt  and  that  which  crosses  the  western 
slope  of  Mount  Jura.  Besides  the  characteristic  Mormon  sandstone 
fauna  which  it  contains  there  are  traces  of  other  fossils,  and  it  is  possi- 
ble that  some  Hardgrave  sandstone  is  here  included  in  the  area  marked 
Mormon  formation. 

The  largest  area  of  the  Mormon  sandstone  lies  on  the  north  slope  of 
Mount  Jura,  stretching  from  the  summit  to  North  Arm.  It  is  chiefly 
gray  sandstone  but  includes  also  a  large  amount  of  conglomerate, 
which  occurs  at  various  horizons  in  the  mass.  Near  the  western 
border,  under  the  Thompson  limestone,  there  is  locally  a  small  amoimt 
of  conglomerate,  in  wliich  the  fine  greenish  cement  and  many  of  the 
smaller  pebbles  are  composed  almost  wholly  of  andesitic  material. 
Reddish  conglomerate  and  red  beds  occur  in  the  middle  of  the  Mor- 
mon sandstone  on  the  steep  slope  southeast  of  Thompson's,  but  the 
most  important  outcrop  of  conglomerate  is  nearly  a  mile  farther  east, 
on  the  edge  of  the  valley  about  Lucky  S  road.     It  strikes  N.  27°  W. 
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and  dips  62°  SW.,  and  the  mass  is  extremely  variable  In  its  con 
position,  varying  from  thin  lenses  of  red  shaly  sandstone  with  pron 
inent  pencil  structure  to  coarse  conglomeiate  in  which  some  of  t\ 
pebbles  are  IS  inches  in  diameter  and  the  material  almost  wholl 
audesitic  in  character. 

The  only  area  of  the  Mormon  sandstone  yet  to  be  noted  is  a  sma 
one  which  js  entirely  isolated.  It  occurs  about  4  miles  northeast  i 
Mount  Jura,  in  sec.  17,  T.  26  N.,  R.  11  E.,  and  contains  compai 
gray  sandstone  well  characterized  by  fossils.  This  mass  of  the  Mo 
mon  sandstone  is  much  more  disturbed  than  the  others.  The  sane 
stone  is  much  fractured,  permeated  by  small  quartz  veiiu,  and  alor 
the  western  border  is  greatly  sheared,  producing  slickensided  slat 
material. 

Fossils  and  age. — Concerning  the  fossils  of  the  Mormon  sand8ton< 
Professor  Hyatt,"  in  his  paper  on  the  Taylorsville  region,  reports  f 
follows : 

This  bed  containe  the  remains  of  a  more  varied  [auna  than  that  (if  the  Hardgrai 
Bandetone.  In  same  places,  especially  upon  spur  S  of  Mr.  Diller's  map,  the  fusai 
are  in  excellent  preservation;  but  in  some  localities  merely  superficial  work  does  ni 
give  good  results,  the  rock  being  apt  to  be  very  friable.  Here  as  elsewhere  the  grea 
est  treasures  await  resurrection  at  the  hands  of  thcee  able  to  dig  deeply  into  the  slur 
matrix. 

It  is  more  difficult  to  point  out  the  characteristic  fossils  in  this  bed  than  in  the  Hap 
grave  sandstone.  lAma  dilleri  and  i.  layloreniit,  Ctenoitreon,  Trigmiia,  and  Entoliut 
are  apt  to  occur  in  all  the  outcropa.  So  far  as  the  detennination  of  age  is  eoncern» 
however,  the  Ammonitinse,  although  not  abundant,  aSord  the  best  evidence.  Tha 
highly  specialized  forms,  as  has  been  pointed  out  by  several  of  the  most  dietinguisht 
paleontologists  in  Europe,  must  have  been  extremely  sensitive  to  the  influence  of  tl 
changes  of  the  surroundings  in  passing  from  one  geologic  level  to  another,  and  ha> 
recorded  these  mutations  in  their  own  oiganizations.  Even  the  encyclopedic  Quel 
stedt  continually  expresei'H  his  mtisfaction  in  turning  from  the  uncertain  indicatioi 
afforded  by  the  more  generalized  structures  of  other  mollusca  to  the  decisive  chr 
nologic  evidence  usually  given  by  the  fossils  of  this  group.  The  list  printed  bclo 
contains  a  series  of  selected  species,  but  many  forms,  especially  among  the  small 
Pelecypoda,  which  have  not  yet  been  studied,  are  necessarily  omitted. 
TKylorsvllle,  Cal.  Europe.  . 

7'erebratida Ttrebraliila  perovalit.  Sow.,  as  figured  an 

descrilied  by  Quenstedt,  is  similar,  bi 
the  American  species  has  no  dwarfed  vai 
eties;  inferior  Oolite. 

Rhyiuhorulla,  n.  sp Rhynchorulta  qiimiriplicala,  Zeit.,  as  figure 

and  described  by  Quenstedt ;  great  Ooliti 

Alatryonia,  n.  sp Orthis  marthii,  Goldf.,  as  figured  by  Mor.  i 

Lye.    in   Oolite   Mollusca;   inferior  an 
great  Oolite. 
iSodMa    aubimbritala.    Meek,   and    also!  „..,.,.,„  j    .. 

...  ■„■!       J*™"''"  *'"*'■'«>''',  Sow.,  and  other  specii 

other  spe.ic.of  the  same  genus  s.mUar      ^  ^^         ^.^  ^^^^^^   V^ 

to  this,  but  having  shorter  and  broader      ^^^^^  ^  ^^  ^^^^  ^^^  ^^^  q^^^^ 
shells.  J 

«SuU  OaOl.Soc.AiuerLn,  vol.a,  ll«n,p.403. 
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Mytilu^y  n.  sp Mytilus  suhlaevis^  Mor.  et  Lye. ,  and  other 

species,  having  arcuate  forms  and  heavy 
umbonal  ridges,  which  are  characteristic 
of  the  Oolite. 

Pinna  cuneiformis^  i^.-  sp Pinna  cuneata,  Phill.,  as  figured  by  Mor.  et 

Lye.  in  Oolite  MoUusca;  inferior  Oolite. 

Pteropcma,  n.  sp Stands  between  Pteropema  plana  and  Ptcro- 

pema  costatultty  Mor.  et  Lye. ;  inferior  and 
great  Oolite. 

Gerrilliay  n.  sp Gervillia  lanceolata  of  the  upper  Lias,  but 

longer  and  narrower  in  proportion,  and 
the  posterior  wing  larger.  It  is  in  fact  a 
more  progressive  form  in  the  same  series 
of  species  than  Gervillia  lanceolata. 

(iirvillia,  n.  sp Gervillia  aviculoideSy  Sow. ;  great  Oolite. 

Lima  dilleri^  n.  sp Lima  cardiiformis,  Sow. ;  great  Oolite. 

Lima,  n.  sp Lima  tenuistriata,  MOnst.  and  Goldf . ;  infe- 
rior Oolite. 

Lima  taylorensis,  n.  sp Lima  rigidula^  Mor.  et  Lye. ;  great  Oolite. 

( 'tcnostreon,  n .  sp Ctenostreon   pectiniformiSj    Mor.    et    Lye. ; 

inferior  and  great  Oolite. 

Paten,  n.  sp Peeten  disciformis,  Schiibl. ;  inferior  Oolite. 

Pa-ten,  n.  sp Peeten  demissus-gingensis,  Quenst. ;  inferior 

Oolite. 

Pholadomya,  n.  sp Pholadomya  Jidiaila,  Zeit. ;  inferior  Oolite. 

Triijonia,  n.  sp Trigonia  hemispherica,  Lye. ;  inferior  Oolite. 

Trigania,  n.  sp Trigonia  formosay  Lye. ;  inferior  Oolite. 

Belemnite^,  n.  sp Belemnites  breviformiSy  Voltz. ;  upper  Lias  to 

inferior  Oolite. 

SpfiRroceraSy  n.  sp Sphxroeeras  gervilli;  inferior  Oolite. 

(iraminoceraSf  n.  sp Grammoceras  toarcense,  as  figured  by  Buck- 
man;  inferior  Oolite. 

(rramtnoceraSj  n.  sp Grammoceras     leurum^     Buekm. ;     inferior 

Oolite. 

The  fossils  indicate  the  former  existence  of  a  fauna  which  can  be  provisionally  con- 
sidered as  belonging  to  the  upper  part  of  the  inferior  Oolite. 

Inoceramys  bed, — Immediately  above  the  Mormon  sandstone  with  its  rich  fauna  there 
are  strata  of  a  red  sandstone?  containing  very  few  remains  and  these  usually  in  [)oor 
condition.  Three  species  of  fossils  wen»  found  in  them:  A  Terebratula,  apparently  the 
.Slime  as  that  occurring  so  plentifully  in  the  typical  Mormon  sandstone;  two  fragments 
of  a  large  speci(»s  of  Inoceramus;  and  a  fragment  of  an  ammonite  of  the  genus  Peri- 
sphijwtes.  The  Inoceramus  of  the  Jura  is  not  so  large  in  the  Lias  as  in  the  Oolite,  and 
these  fragments  appeared,  therefore,  to  have  belonged  to  shells  at  least  as  old  as  the 
( )olite.  The  specimen  of  the  Perispkinctes  may  prove  to  be  identical  with  some  species 
found  below.  It  is  probable,  therefore,  that  this  bed  belongs,  as  in  fact  is  indicated 
by  ih(»  geology,  to  the  upj)er  j)art  of  the  Mormon  sandstone.  On  the  other  hand,  the 
fact  that  one  out  of  the  three  species  was  new  to  the  fauna  of  the  Mormon  sandstone 
jusiilies  a  pn) visional  separation  under  a  different  title  on  biologic  grounds.  Even  if 
not  sustained  by  future  work,  this  distinction  will  serve  a  good  purpose  if  it  succeeds 
in  calling  the  attention  of  collectors  in  the  same  or  other  localities  to  facts  that  might 
otherwi.se  escape  their  notice. 

Relation  to  adjacent  formations. — The  Mormon  sandstone  is  in  con- 
formable contact  with  the  Thompson  limestone,  though  it  marks  a 
decided  change  in  the  character  of  the  seiliment  from  fine  calcareous 
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to  coarse  fragmental  derived  chiefly  from  altered  andesitic  rocks. 
This  relation  may  be  best  seen  on  the  southwest  slope  of  Mount  Jura 
near  Donnerwirth's,  where  the  positions  of  both  the  above-named 
formations  are  practically  parallel  to  that  of  the  adjacent  Hardgrave 
sandstone. 

The  isolated  mass  4  miles  northeast  of  Mount  Jura  rests  unconform- 
ably  upon  the  Hosselkus  limestone,  as  shown  in  fig.  6,  without  the 
intervening  Triassic  and  Jurassic  strata.  This  discordance,  however, 
is  not  of  deposition  but  of  dislocation  along  a  line  of  extended  faulting. 

The  relation  of  the  Mormon  sandstone  to  the  later  formations  will 
be  considered  in  connection  with  the  Bicknell  sandstone. 


800  feet 


Fia.  6.— Relation  of  Mormon  formation  to  llosselkna  limestone.    1,  Mormon  sandstomS;  2,  Hosselkus 

limestone;  3,  Robinson  formation;  4,  eruptive  rocks. 

BICKNELL  SANDSTONE. 

Litlioloffic  character, — The  Bicknell  sandstone  is  composed  chiefly 
of  red  and  gray  sandstone  associated  with  some  dark  shales  and  tuffa- 
ceous  beds.  The  dark  brownish-red  sandstone  is  largely  feldspathic 
and  contains  much  red  oxide  of  iron  with  more  or  less  carbonate  of 
lime.  It  somewhat  resembles  the  red  Hardgrave  sandstone,  but  is 
darker  colored,  and  though  much  of  its  material  may  be  derived 
from  igneous  rock,  its  particles  are  not  characterized  by  the  presence 
of  numerous  small  crystals  of  feldspar  as  in  the  Hardgrave  sandstone. 
Sandstones,  mottled  gray  and  red,  form  transitions  to  the  gray  sand- 
stone which  is  the  most  abundant  rock  of  the  formation.  Much  of  it 
is  fine  dark  bluish  gray,  very  compact  and  hard,  breaking  with  a 
conchoidal  fracture,  and  flecked  here  and  there  by  small  particles  of 
pyrite.  It  looks  so  much  like  homfels  that  one  is  surprised  to  find  it 
locally  full  of  large  shells.  Associated  with  tliis  form  is  more  or  less 
black  shale,  some  beds  of  which  weather  white  and  look  like  fine 
volcanic  dust.  A  thin  section,  however,  shows  no  characteristic  vol- 
canic material,  but  instead  extremely  fine  sediment  with  a  multitude 
of  minute  microscopic  crystals  of  rutile  which  have  developed  in  the 
sediment  since  it  was  laid  down. 

A  coarser  variety  of  the  sandstone  is  light  gray  or  greenish  and 
passes  into  a  rock  which  is  full  of  small  white  crystals  of  feldspar  with 
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a  few  scales  of  gray  mica  embedded  in  a  dark  groundmass,  and  the 
general  aspect  is  decidedly  igneous.  The  fact  that  it  contains  distinct 
fossils  shows  that  it  is  fragmental,  and  it  locally  becomes  coarse,  so 
that  its  real  character  is  more  evident.  In  thin  section  under  a 
microscope  the  fine  fossiliferous  rock  is  clearly  fragmental,  and  much 
of  the  sediment  was  evidently  derived  from  the  erosion  of  volcanic 
rocks. 

Distrihution  and  thickness, — The  Bicknell  sandstone  is  much  more 
regular  in  its  distribution  than  the  other  Jurassic  formations  already 
noted  and  forms  a  continuous  belt  from  the  mouth  of  Hinchman 
Ravine  across  the  east  and  north  slopes  of  Mount  Jura  to  North  Arm 
of  Indian  Valley.  Its  greatest  development  appears  to  be  on  the 
southeast  slope  of  Mount  Jura,  which  is  the  only  portion  that  is  well 
characterized  by  fossils. 

The  reddish  sandstone  is  the  earliest  portion  of  the  Bicknell  sand- 
stone and  hes  near  the  west  border  of  the  mass.  It  is  best  exposed 
along  the  crest  north  of  the  summit.  The  compact  fine  dark-gray 
sandstone  with  the  black  shaly  portions  interbedded  with  gray  sand- 
stone forms  the  middle  portion  of  the  mass  and  becomes  more  tuffa- 
ceous  along  the  east  border  where  it  adjoins  the  Hinchman  standstone. 

The  thickness  of  the  Bicknell  standstone  on  the  southeast  slope  of 
Mount  Jura,  where  its  greatest  development  occurs,  is  probably  over 
1,000  feet.  From  this  point  it  appears  to  decrease  in  magnitude  to 
the  north  and  south  so  as  to  average  less  than  500  feet  in  thickness. 

The  general  attitude  of  the  Bicknell  sandstone  is  like  that  of  the 
Hardgrave,  Thompson,  or  Mormon  formations  already  noted.  With 
but  few  exceptions  it  strikes  west  of  north  and  dips  southwest 
beneath  Mount  Jura. 

Fossils  and  age. — In  this  sandstone  fossils  are  neither  so  generally 
distributed  nor  so  abundant  as  in  the  other  Jurassic  formations 
already  noted.  None  have  been  found  north  of  the  sunm^t  of  Mount 
Jura.     Regarfling  this  Professor  Hyatt**  says: 

The  fauna  of  the  Bicknell  standstone  is  not  so  rich  in  species  as  are  the  Mormon  and 
Hardgrave  sandstones  and  the  Thompson  limestone,  nor  are  the  fossils  so  plentiful. 
The  chamcter  of  the  rock  in  the  surface  exposures  found  by  the  party  made  it  almost 
impossible  to  get  out  large  specimens  in  perfect  condition.  Nevertheless,  a  sufhcient 
number  of  molds  of  several  large  species  of  Trigonia  ( T.  obliqiia  and  T.  plumasensis) 
and  some  well-preserved  specimens  of  Gryphaea  bononiformia  were  secured,  all  of 
which  are  more  or  less  characteristic  of  the  youngest  faunas  of  the  Jura  in  Europe. 

The  remains  of  the  Ammonitinse  are  fragmentary,  but  those  that  were  found  cer- 
tainly indicate  a  somewhat  older  fauna  than  the  species  above  named.  There  are  a 
number  of  the  molds  Rhacophyllites  with  the  internal  septa  partly  preserved,  a  fragment 
of  a  Reineckia,  two  rather  poor  molds  of  Maa'ocephaliJ^^  {'^)i  and  several  fragments  of  .K 
Pcfisphinctea.  These  form  an  association  which  gives  strong  support  to  the  provisional 
opinion  that  the  fauna  is  really  synchronous  with  that  of  the  Callovian,  the  oldest 
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fetiina  of  the  upper  Jura,  or  Malm,  in  Europe.  The  specimens  of  Chemnitzia  are  molds 
of  a  very  large  shell,  but  unluckily  do  not  show  the  aperture.  The  only  species  in 
Europe  which  appears  to  be  a  close  ally  of  this  is  also  from  Calloviaa. 

The  list  below  gives  a  very  inadequate  idea  of  the  fauna,  since  none  of  the  belemnites 
or  Amimonitinaj  can  be  directly  compared  with  European  species  on  accoimt  of  the 
need  of  more  perfect  specimens  and  are,  with  one  exception,  not  mentioned.  There 
are  also  a  large  Ncrinea  and  a  few  species  of  Pelecypoda  and  Brachiopoda,  which  were 
not  considered  important  in  this  preliminary  notice. 

Taylorsville,  Cal.  Europe. 

Gryphsea  hononiformis,  n.  sp Ostnea  bononisCf  Sauv.,  as  figured  by  de 

Loriol  et  Pellat;  Portlandian. 

Entolium  costalum,  n.  sp. 

Oxytoina,  n.  sp. 

Trigonia  obliquu,  n.  sp Trigonia  michelloti,  de  Loriol;  Portlandian. 

Trigonia  ylumasenais,  n.  sp Trigonia  lu^tanica,  a«  figured  by  Cho£fat; 

Portlandian. 

Trigonia  nauifonnis,  n.  «p Trigonia  navis;  inferior  Oolite. 

Chemnitzia,  n.  sp Chemnitzia  athleta,  d'Orb. ;  CoraUian. 

RhacophylliteSj  n.  sp. 

The  group  of  Trigonia  glabrae  to  which  T.  obliqua  belongs  reached  its  acme  in  the 
Portlandian,  the  species  being  both  rare  and  comparatively  small  in  the  Lias  and 
inferior  Oolite.  T.  obliqua  is  of  extraordinary  size  and  shows  the  incomplete  costse 
of  the  Portlandian  species.  The  group  of  Trigonia  to  which  T.  plumasensis  belongs  is 
very  peculiar  in  the  characteristics  of  the  costse  and  the  ornamentation  of  the  anal 
area,  and  it  has  hitherto  been  represented  in  Europe  only  by  the  unique  form, 
T.  lusitanicaj  found  only  in  the  highest  Jura  of  Portugal.  Besides  these  two  large 
species  there  is  also  in  T.  naviformis  an  equally  large  representative  of  another  peculiar 
and  hitherto  unique  style  of  ornamentation.  This,  as  its  name  implies,  is  similar  to 
T,  navis  of  the  inferior  Oolite  in  Germany,  a  species  hitherto  considered  to  be  the 
only  representative  of  a  very  distinct  group,  the  Trigonia  schapoidx,  and  having  a 
pattern  of  costation  not  found  in  any  other  species  (except  T.  naviformis)  and  a  narrow 
chorologic  range. 

The  group  of  the  Trigonia  undulatue  is  represented  by  a  species  also  of  extraordinary 
size,  but  the  Trigonia  clavcllatx^  the  group  more  largely  represented  than  any  other  in 
the  inferior  Oolite  (if  one  can  judge  from  the  simple  specimen  obtained  in  the  Bicknell 
sandstone)  is  not  materially  modified. 

Bicknell  tuff. — Above  the  sandstone  and  in  inmiediate  contact*with  it  is  a  tuff 
described  by  Mr.  Diller,  which  contains  in  part  the  same  species  as  the  sandstone,  and 
the  fossils  indicate  the  same  fauna.  Nevertheless,  it  should  be  noticed  that  it  con- 
tained no  remains  of  Trigonia,  and  that  the  fauna  has  not  been  critically  examined. 

Relation  to  adjacent  formations. — As  to  the  relation  of  the  Mormon 
and  Bicknell  sandstones,  observations  are  not  so  definite,  though  they 
point  to  conformity.  Upon  the  south  slope  of  Mount  Jura,  as  well  as 
upon  its  north  end,  the  two  sandstones  are  separated  by  a  belt  of 
meta-andesite,  but  for  nearly  a  mile  north  of  the  summit  they  appear 
to  be  in  conformable  contact.  The  actual  contact  was  not  observed, 
but  throughout  the  two  formations  appear  in  parallel  position.  The 
adjoining  formations  are  connected  by  transitional  sediments  and 
there  is  no  decided  interruption  visible  between  them  excepting  a 
change  in  fauna. 
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HINCHMAN  SANDSTONE. 

Lithologic  character. — ^The  Hinchman  sandstone  is  composed  essen- 
tially of  coarse  sandstone  with  shaly  parts  and  some  conglomerate 
which  is  generally  fine  and  derived  chiefly  if  not  wholly  from  andesitic 
rocks.  Much  of  it  is  decidedly  tuffaceous.  The  most  conmion  form 
is  greenish  gray  and  contains  darker  colored  shaly  patches,  but  is  not 
conspicuously  fragmental.  Examined  microscopically  it  is  foimd  to 
be  made  up  largely  of  fragments  of  feldspar,  augite  crystals,  and  vary- 
ing proportions  of  andesitic  rock,  fragments  of  which  are  clearly  micro- 
porphyritic.  The  feldspar  is  generally  much  altered.  Some  of  the 
augite  is  fresh,  but  most  of  it  is  altered  to  chlorite,  giving  a  greenish 
color  to  the  rock.  It  is  never  coarse  like  volcanic  agglomerate,  though 
it  is  sometimes  made  up  largely  of  ejected  volcanic  material,  some  of 
wliich  is  clearly  pumiceous.  The  grains  are  rarely  well  roimded  by 
attrition,  though  it  is  evident  that  they  have  been  transported  and 
loosely  aggregated  on  the  sea  floor,  affording  comers  and  cavities 
where  corals,  belemnites,  and  a  number  of  other  marine  forms  flour- 
ished. Remains  of  these  animals  are  not  confined  to  one  horizon,  but 
are  scattered  throughout  the  formation.  The  conglomerate  locally 
becomes  coarse  and  composed  of  pebbles,  some  of  wliich  are  well 
rounded;  others  are  angular.  The  largest  pebbles  are  rarely  a  foot  in 
diameter.  One  of  the  most  abundant  types  is  a  reddish,  decidedly 
microporphyritic  andesite.  Others  less  common  are  dark  and  macro- 
porphyritic,  with  either  feldspar  or  hornblende  phenocrysts.  Lime- 
stone pebbles  or  nodules  occur  sporadically,  but  none  could  be  foimd 
with  fossils. 

Distribution  and  thickness. — The  outcrop  of  the  Hinchman  sand- 
stone is  confined  to  the  slopes  of  Mount  Jura,  and  stretches  in  one  con- 
tinuous belt  from  the  mouth  of  Hinchman  Ravine  to  the  borders  of 
North  Ann.  Like  the  other  formations  of  Mount  Jura  its  general 
strike,  without  much  variation,  is  a  few  degrees  west  of  north  and  its 
dij)  to  the  southwest.  Its  best  exposures  are  at  Curtice  Cliff,  in  the 
lower  part  of  Hinchman  Ravine,  where  most  of  the  fossils  were  col- 
lected, though  they  occur  also  along  the  crest  on  the  northern  slope. 
The  greatest  variation  from  the  nonnal  Hinclmian  tuffaceous  sand- 
stone occurs  in  the  coarse  conglomerate  with  well-rounded  pebbles 
along  the  west  slope  of  South  Fork  of  Foremans  Ravine.  This  con- 
glomerate somewhat  resembles  that  of  the  Mormon  formation  exposed 
by  the  Lucky  S  road  on  the  flat  near  Foreman  and  its  strike  appears 
to  connect  it  with  that  mass.  No  fossils  could  be  found  in  it,  and  the 
stratigraphy  of  the  west  slope  of  the  South  Fork  of  Foremans  Ravine 
places  it  in  the  upper  part  of  the  Hinchman  sandstone  as  here  con- 
sidered. This  conglomerate  ranges  from  50  to  nearly  200  feet  in 
tlu(^kness  and  was  not  recognized  in  Hinchman  Ravine,  where  the 
tufTaceous  portion  of  the  formation  has  its  greatest  development  and 
attains  a  tliickness  of  500  feet. 
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Fossils  and  age. — ^The  most  widely  distributed  and  characteristic 
fossils  of  this  horizon  are  corals  which  Professor  Hyatt  relegates  to  the 
genus  Stylina  and  has  designated  the  bed  in  which  they  occur  ^^Stylina 
bed."     He  reports  further**  in  the  paper  previously  referred  to  that — 

The  presence  of  the  same  species  of  Rhacopkyllites  as  that  found  in  the  Bicknell  sand- 
stone indicates  the  continuity  of  the  fauna  of  this  bed  with  that  of  the  preceding;  but, 
on  the  other  hand,  the  absence  of  Trigonia  and  the  presence  of  close  allies  of  Ostraea 
brunlnUana  and  of  Pecten  gitprajurensis^  shows  that  we  have  ascended  in  time  to  a 
younger  fauna.  The  abundance  of  corals  of  the  genus  Stylina^  these  being  the  most 
widely  distributed  and  characteristic  fossils  of  the  Hinchman  tuff,  shows  that  the  age  is 
probably  that  of  the  Corallian.  In  Europe  these  corals  are  rare  in  the  Oolite,  but  reach 
their  acme  in  numbers  of  species  and  forms  in  the  Corallian  of  the  upper  Jura.  The 
opinion  expressed  with  regard  to  the  age  of  the  Bicknell  sandstone  is  greatly*Btrength- 
ened  by  this  fact,  and  it  also  adds  to  the  evidence  that  the  subdivisions  of  the  Jura  in 
North  America  and  in  Europe,  like  those  of  the  Trias,  may  be  compared  much  more 
closely  than  one  would  at  first  suspect  from  the  extremely  fragmentary  records  hereto- 
fore found  in  this  country. 

The  fossils  occurred  in  patches  and,  although  abundant,  good  specimens  were  not 
easily  obtained .    The  list  is  as  follows : 

Taylorsvillo,  Cal.  Europe. 

Oryphxa  curticiy  n.  sp Ostraea  hruntnUcma,  as  figured  by  de  Loriol; 

Corallian  to  Portlandian. 
Camptonectes  bellistricUuSt  Meek Pecten  suprajurensisy   Buvignier;   Kimme- 

ridgian. 

Chemnitzia Chemnitzia athleta^  d'Orb. ;  Corallian. 

Rha4^ophyllites  (same  species  as  in  the  Bick- 
nell sandstone). 
<?/  /'      t  h  Vf  \  Stylina tubulifera^^d.Gt^.',  Corallian. 

I  Astrea  tuhulifera,  Goldf . ;   Corallian. 

Stylina  subjecta^  n.  sp Closely  allied  to  a  specimen  in  Museum  of 

Comparative  Zoology  named  S.  echinu- 

latttj  hmk.;  Corallian. 
Stylina  alba,  n.  sp 
Stylina  minuta,  n.  sp Resembles  the  Cretaceous  species  figured 

by  Goldfuss  as  Astrea  geminata  (equal  S. 

geminata,  Ed.  et  H.),  but  septa  are  not  so 

symmetrical. 
Stylina  intenivedia,  n.  Hp. 
Stylina  tertian  n.  np. 

Two  8i>ecic«  of  Belenmites  and  a  number  of  gasteropoda,  pelecypods  and  ])rachiopod8 
were  also  found  in  this  bed. 

Relation  to  Bicknell  sandsUme. — The  Hinchman  and  Bicknell  sand- 
stones are  conformable  and  connected  by  intergradation,  so  that, 
though  the  Bicknell  sandstone  is  prevailingly  fine  and  the  Hincliman 
prevailingly  coarse  tuffaceous  sandstone,  there  is  no  sharply  traceable 
boundary  between  them.  The  general  lithologic  differences,  in  addi- 
tion to  the  faimal  contrasts  pointed  out  by  Professor  Hyatt,  furnish 
sufficient  groimds  for  distinction.  Nevertheless,  these  two  forma- 
tions have  greater  similarity  than  any  other  two  of  Mount  Jura. 

o  Op.  elt.,  p.  407. 
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FOBEMAN  FORMATION. 

Lithologic  chardcter, — The  Foreman  formation  is  a  succession  of 
shale,  sandstone,  and  conglomerate  in  which  the  sediment  is  for  the 
most  part  derived  from  rocks  which  are  not  clearly  volcanic.  The 
shales  are  often  slaty  and  locally. have  **  pencil  structure,"  and  range 
in  color  from  dark  carbonaceous  with  traces  of  leaves  through  gray, 
which  predominates,  to  shades  and  tints  of  red  and  yellow.  A 
remarkable  feature  of  the  shales  locally  is  their  pencil  structure,  which 
is  particularly  well  developed  in  the  summit  of  Evans  Peak.  The 
beds  of  red  and  gray  sandy  shales  making  the  summit  of  the  peak 
break  up  into  small  colunms,  often  of  lead-pencil  size,  but  generally 
smaller.  They  are  less  conamonly  larger,  reaching  a  maximum  length 
of  7  inches  and  a  diameter  of  about  half  an  inch.  The  pencils  are 
commonly  four  sided  and  diamond  shaped  or  rhombic  in  cross  sec- 
tion, but  occasionally  they  have  three  or  five  sides. 

Almost  as  abundant  as  the  shales  are  the  sandstones,  most  of  which 
are  very  fine  and  decidedly  shaly.  They  are  reddish  brown  and  gray, 
sometimes  mottled  with  darker  spots,  chiefly  carbonate  of  lime. 
These  spots  weather  out  more  easily  than  the  other  parts  and  leave 
the  rock  with  occasional  holes  in  its  surface.  Occasionally  the  gray 
sandstone  is  more  siliceous  and  contains  irregular  particles  which  give 
to  the  mass  the  appearance  of  a  fine  tuffaceous  conglomerate. 

Conglomerate  is  less  abundant  than  either  shale  or  sandstone  and 
is  usually  in  thin  beds  of  small  extent  scattered  throughout  the 
formation.  The  most  characteristic  conglomerate  of  this  formation 
is  composed  almost  wholly  of  small  pebbles  of  cherty  quartz,  black 
and  gray  in  color,  and  rarely  over  half  an  inch  in  diameter.  Of  this 
there  are  but  few  beds  ranging  from  5  to  12  feet  in  thickness.  A 
more  abundant  form  of  conglomerate  contains  locally  many  shale 
fragments  and  well-rounded  pebbles  chiefly  of  meta-andesites  and 
rhyolites,  with  a  few  of  fossiliferous  limestone.  The  majority  of  the 
beds  are  small  and  are  made  up  of  small  pebbles,  rarely  as  large  as 
3i  inches  in  diameter.  Associated  with  the  limestone  pebbles  in  the 
conglomerate  are  concretionary  nodules  of  carbonate  of  lime,  which 
occur  also  in  the  shale  and  sandstone.  They  do  not  contain  fossils 
and  grade  into  the  inclosing  rock  instead  of  having  a  sharp  contact, 
as  is  the  case  with  the  limestone  pebbles. 

Distribution  and  thickness. — The  Foreman  formation  occupies  a 
larger  area  than  all  the  other  Jurassic  formations  of  that  region  com- 
bined, and  extends  from  Genesee  Valley  northwest  to  Mountain 
Meadows,  a  distance  of  13  miles.  Two  interruptions  occur  in  the 
belt,  one  near  Hinchman  Ravine  by  meta-andesite,  and  the  other  at 
North  Arm,  where  it  is  covered  by  alluvium.  At  the  northwest  end 
of  the  exposure  the  Foreman  beds  disappear  in  the  same  way  by 
}>assing  beneath  the  alluvium  of  Mountain  Meadows  and  the  lavas 
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of  the  great  volcanic  field  beyond.  The  small  area  on  the  border  of 
North  Arm,  a  mile  north  of  Peters  Creek,  irt  the  edge  of  a  large  con- 
necting mass  which  underlies  the  alhiviuni  of  North  Arm,  but  the 
two  small  areas,  one  on  Lights  Creek  an<l  the  other  on  Surprise  Creek, 
are  entirely  isolated.  Though  the  formation  is  composed  of  inter- 
stratified  shale,  sandstone,  and  conglomerate  throughout,  these  rooka 
are  ro  distributed  that  the  formati<in  may  I>e  roughly  divided  into 
three  members  of  about  equal  thickness.     The  upper  or  oldest  mem- 


her,  along  the  west  Inirder  of  the  formation,  is  compo,sed  very  largely 
of  dark  shale  with  a  few  beds  of  fine  cberty  quartz  conglomerate 
and  contained  nearly  all  the  fossils  thus  far  collected  from  the  forma- 
tion; the  middle  member  is  chiefly  gray  sandstone  with  a  few  traces 
of  fossils,  while  the  lower  or  youngest  member,  lying  along  the  east 
border,  is  made  up  largely  of  gray  shales  and  as  far  as  yet  known  is 
without  fo.ssils. 

Tile  T-ucky  S  roa<l  affor«ls  a  good  section  of  this  formation,  espe- 
cially of  the  cherty  ct»ng]omerat«s,  in  its  older  portion  near  the  western 
border,  but  the  most  continuous  exposures 
occur  on  the  steep  slopes  of  EvansPeak,  where 
A?ypOC^F^^  1,600  feet  of  strata  outcrop.  All  three  mem- 
V'J'"^^^^  v5^  '*"'"'*  *'""  ^^"  exposed  in  the  Evans  Peak  sec- 
tion, and  shales  predominate,  interstratified 
with  sandstone  and  numerous  layers  of  con- 
glomerate. As  already  noted,  the  shales  are 
remarkable  for  their  highly  <leveloped  pencil 
stmcture.  The  shales  dip  to  the  sou  thw^st  and 
are  cut  by  joints  having  almut  the  same  strike  and  a  somewhat  steeper 
<lip  to  the  northeast.  The  joint  planes  are  usually  verj-  rough,  due  to 
the  impinging  of  the  pencils,  which  are  vertical.  The  general  relations 
of  the  stratification  to  the  jointing  and  the  vertical  pencils  are  shown 
in  fig.  7,  and  the  plan  of  the  pencil-making  fissures  on  the  ])lane 
of  stratification  in  fig.  8.  The  planes  bordering  the  pencils  are  not 
clearly  slickensided,  and  yet  they  may  have  been  planes  of  motion 
to  produce  the  several  sets  of  slaty  cleavage  which  divide  the  mass 


Fio.  8.— Pl«n  of  penclJ  stnici 
im  plane  nl  ntrallflcntlon . 
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into  pencils.  The  pencil  structure  of  the  sandy  shales,  although  best 
developed  on  the  slopes  of  Evans  Peak,  occurs  on  Peters  Creek  and 
elsewhere  locally  in  the  finer  sediments  of  the  Robinson  beds,  as  well 
as  in  the  formations  of  Mount  Jura. 

Fossils  and  age, — Fossil  plants  were  discovered  near  Foreman  in 
(lark  shale  close  to  the  west  border  of  this  formation  by  Cooper  Curtice 
in  1890,  and  at  a  later  date  the  small  collection  was  somewhat  enlarged 
by  E.  G.  Paul  and  James  Storrs.  Professor  Fontaine  studied  the 
collection  and  described"  the  plants,  and  his  conclusions  are  as  follows: 

The  plants  are  very  fragmentary,  and  most  of  them  are  poorly  preserved.  The  most 
distinct  are  a  small  Equisetum  and  several  ferns  with  small  pinnules.  The  ferns  are 
the  most  numerous,  but  unfortunately  they  present  mostly  such  portions  as  the  tips 
of  pinnae  and  detached  fragments  of  pinnse.  The  amount  gf  material  is  not  sufficient 
to  enable  one  to  determine  with  positiveness  their  relations  to  previously  described 
forms,  for  ferns  are  so  notoriously  variable  in  foliage  that  a  considerable  amount  of 
material  is  needed  to  make  reliable  determinations.  Still,  taking  the  collection  as  a 
whole,  and  looking  to  the  nearest  relationships  with  previously  known  fossil  plants, 
we  may  arrive  at  some  results  with  a  considerable  degree  of  certainty. 

The  plants  are  certainly  younger  than  Paleozoic,  and  as  the  elements  of  the  flora 
are  ferns,  equiseta,  cycads,  and  conifers,  with  no  trace  of  dicotyledons,  they  are 
Mf*8ozoic,  most  probably  older  than  Cretaceous,  with  the  possible  exceptif)n  of  its 
very  base. 

Owing  to  the  imperfection  of  the  material  and  the  absence  of  the  type  forms,  I  can 
not  come  to  a  positive  conclusion  as  to  the  exact  position  in  the  Mesozoic  of  these 
plants,  but  I  think  the  weight  of  evidence  is  strongly  in  favor  of  the  flora  being  Rhsptic 
or  uppermost  Trias.  , 

In  a  paper  on  the  geology  of  the  Taylorsville  region  of  California,** 
the  Foreman  beds,  on  the  evidence  afforded  by  the  plants,  were 
relegated  to  the  top  of  the  Triassic.  At  that  time  only  a  few  traces 
of  fossil  animals  were  known  in  the  Foreman  beds.  A  belemnite,  a 
gasteropod,  and  a  cast  of  a  bivalve  shell,  with  traces  of  plants,  had 
been  found  about  a  thin  layer  of  dark  bluish  limestone  at  the  head 
of  Starks  Ravine,  near  the  south  line  of  sec.  35,  T.  27  N.,  R.  10  E., 
about  3  miles  southeast  of  Evans  Peak. 

Further  collections  of  fossil  plants  were  made  at  the  same  locality 
by  James  Storrs  in  1904  and  submitted  to  F.  H.  Knowlton,  who 
reports  as  follows: 


Arrostichites  ?  princeps  (Presl.)  Schenk. 
Acrostichites  brevipennis  Ward. 
Sagenopteris  ?  sp. 


Equisetum  munsteri  (Stb.)  Brongn. 
Podozamites  ?  sp.? 
Conifers  ?  fragments. 


These  determinations  are  based  on  Fontaine's  identifications  of  the  earlier  mate- 
rial fn)m  the  same  locality,  as  recorded  in  Ward's  Status  of  the  Mesozoic  Floras,  First 
Paper,  pages  333,  334.  I  have  not  looked  far  enough  into  the  question  to  have  an 
opinion  as  to  the  bearing  of  th^ee  plants  on  the  age,  but  I  may  say,  after  looking 
rather  hastily  over  the  earlier  material,  that  I  incline  to  question  several  of  Fon- 
taine's generic  determinations.  His  Podozamites  f  taylorviHensis  is  certainly  a  Ptero- 
phyllum,  his  Sagenopteris  looks  to  me  like  Glossopterisy  and  his  Acrostichites  may 
pn)ve  to  be  Gleichenia  or  Gleichenopsis.    (February  8,  1905.) 

^•«  Twentieth  Ann.  Rept.  U.  8.  Geol.  8ur\'ey,  pt.  2, 1900,  p.  333. 
b  Bull.  Geol.  Soc.  America,  vol.  3, 1802,  p.  373. 
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The  discovery  of  shells  at  a  new  locality  in  this  formation  by 
James  Storrs  in  1904  affords  more  important  data  for  reference  to  a 
definite  horizon.  The  shells  occur  in  the  older  portion  of  the  forma- 
tion, near  the  plant  beds,  in  approximately  the  same  horizon  as  those 
of  Starks  Ravine.  They  were  studied  by  T.  W.  Stanton,  who 
reported  January  20,  1905,  as  follows: 

The  fossils  were  compared  with  the  earlier  collections  from  the  same  region  studied 
by  Professor  Hyatt,  and  it  was  thus  practicable  to  confirm  Mr.  Diller's  field  determi- 
nations of  horizons,  although  in  most  cases  the  fossils  are  not  specifically  identified 
because  the  species  have  not  been  described. 

The  only  impc/rtant  change  in  our  ideas  concerning  the  relations  of  the  various 
Mesozoic  formations  of  the  region  is  caused  by  the  collection  from  the  Foreman  beds 
(No.  6776).  This  formation  has  previously  yielded  only  a  few  fragmentary  plants 
which  were  supposed  to  be  Upper  Trias  (Rhsetic).  The  present  collections  of  marine 
invertebrates  is  sufficient  to  prove  that  at  least  a  part  of  the  formation  is  Middle 
Jurassic  or  later. 

The  following  lists,  with  brief  comments,  will  indicate  the  character  of  the  collection 
from  each  locality: 

6776.  South  fork  of  Foremans  Ravine,  3  miles  northeast  of  Taylorsville. 
Pecten  sp. 

Trigonia  naviformis  Hyatt  ?.  ..Fragment*  of  this  or  a  closely  related  species. 
Astarte  sp. 

Perisphinctes  ?  sp.  ? Imprint. 

Ammonites Imperfect  imprints  of  two  genera. 

Belemnitcs Imprint. 

Several  undetermined  small  polocypods  and  gasteropods,  represented  by  casts 
and  imprinte.  * 

ThLs  lot  differs  lithologically  and  in  general  faunally  from  any  of  the  known  fossil- 
iferous  horizons  of  the  Taylorsville  Jurassic. 

The  Trigonia  is  convincing  evidence  that  the  bed  from  which  it  came  is  later  than 
the  Triassic,  and  the  close  relationship,  if  not  identity,  of  this  Trigonia  with  T.  nai^i- 
formis,  as  well  as  the  character  of  several  of  the  other  forms,  indicates  that  the  horizon 
is  in  the  Jurassic  and  later  than  the  Hardgrave  sandstone — possibly  later  than  the 
Bicknell  sandstone. 

In  reply  to  my  question  as  to  the  faunal  relation  of  these  beds 
to  the  Hardgrave  sandstone,  Stanton  stated  that  they  may  well  be 
the  youngest  Jurassic  beds  of  the  region,  even  younger  than  the 
Hinchman.  This  statement  of  Stanton  is  confirmed  by  the  stratig- 
raphy of  the  region,  which  places  the  Foreman  beds  next  younger 
than  the  Hinchman  sandstone. 

Relation  to  adjacent  formations. — The  general  strike  of  the  Fore- 
man beds  is  northwest  and  the  dip  is  to  the  southwest  immediately 
beneath  the  Hinchman  sandstone  and  all  the  other  formations  of 
Mount  Jura  which  have  been  overturned.  The  contact  between  the 
Foreman  and  Hinchman  strata  is  locally  very  irregular  along  the 
east  side  of  Hinchman  Ravine,  and  the  lack  of  accord  in  the  strikes 
of  the  two  formations  suggests  a  slight  unconformity.  Completely 
satisfactory  evidence  on  this  point  could  not  be  obtained,  though  it 
is  supported  by  the  fact  that  in  the  hills  just  east  of  Foreman  the 
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Foreman  beds  unconformably  overlap  the  Mormon  formation  with- 
out the  intervening  Bicknell  and  Hinchman  sandstones.  Farther 
northwest,  beyond  North  Arm,  the  Foreman  beds  come  in  direct  con- 
tact with  the  metarhyolite  and  the  Robinson  formation  without  any 
intervening  Jurassic  and  Triassic  strata.  Northeast  of  Mount  Jura, 
at  the  head  of  South  Fork  of  Foremans  Ravine,  the  Foreman  beds 
unconformably  overlap  the  Peale  formation  of  Carboniferous  age  but 
do  not  come  in  contact  with  any  other  sediments  in  that  locality. 

As  bearing  upon  the  unconformity  between  the  Foreman  beds  and 
the  Carboniferous  formations,  it  may  be  noted  here  that  fossiliferous 
limestone  pebbles  were  found  in  the  conglomerate  of  Evans  Peak. 
In  them  Girty  reports  DiphyphyUum  sp.,  Amplexus?  sp.,and  Archse- 
oddaris  sp.,  and  remarks  that  they  are  ''certainly  Paleozoic  and 
probably  Carboniferous.** 

SOUTHERN   EXTENSION  OF  THE  TRIASSIC   AND  JURASSIC  ROCKS  OF  THE 

TAYLORSVILLE    REGION. 

The  Mesozoic  formations  of  the  Taylorsville  region  are  cut  off  by 
igneous  rocks  before  reaching  the  fortieth  parallel.  Next  south  of 
that  line  is  the  Downieville  quadrangle,  which  has  been  mapped  and 
described  in  a  folio  by  H.  W.  Turner.  He  recognizes  two  formations 
in  the  '^Juratrias.'*  The  lower  he  regards  as  closely  related  to  the 
Sailor  Canyon  formation,  and  the  upper  he  designates  the  Milton 
formation.  The  distribution  of  these  two  formations,  as  far  as  it 
has  been  possible  to  separate  them,  is  shown  in  PI.  I. 

SAILOR  CANYON  FORMATION. 

The  lower  portion  is  composed  chiefly  of  siliceous  argillite  with 
some  coarser  sediments  in  part  volcanic,  and  a  layer  of  fine  breccia 
of  gray  fragments  in  a  dark  matrix  which  contains  radiorarian  re- 
mains. An  ammonite  was  found  in  the  siliceous  slates,  which  shows 
that  they  are  closely  related  to  the  Sailor  Canyon  beds  which  Walde- 
mar  Lindgren  discovered  in  the  Colfax  and  Truckee  quadrangles 
south  and  southeast  of  Downieville. 

According  to  Lindgren  black  calcareous  shale  without  pronounced 
fissility,  interbedded  with  subordinate  strata  of  quartzite  and  lime- 
stone possibly  to  the  thickness  of  6,000  feet,  is  well  exposed  with 
easterly  dip  along  North  Fork  of  the  American  River  in  the  neigh- 
borhood of  New  York  and  Sailor  Canyon,  where  the  lower  part  con- 
tains numerous  imperfect  ammonites  and  shells  of  DdoneUa  and 
Monotis,  The  basal  bed  is  a  closely  packed  conglomerate  of  chert 
and  slate,  and  all  the  relations  observed  on  the  American  River 
Lindgren  thinks  '*  point  strongly  to  an  unconformity  between  the 
Juratrias  and  the  Carboniferous." 
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The  fossils  and  the  lithology  of  the  Sailor  Canyon  beds  on  American 
River  at  once  suggest  the  Swearinger  formation  to  any  one  familiar 
with  the  Taylorsville  region,  but  this  ma}^  ])e  deceptive.  Professor 
Hyatt,  who  has  made  a  thorough  study  of  the  fossils  from  both 
localities,  remarks"  that  "the  entirely  distinct  species  of  the  two 
localities,  even  in  the  genera  Monotu  and  Daonella^  show  that  there 
were  two  distinct  faunal  areas,  and  that  there  couhl  have  be^n  no 
communication  between  them  during  the  time  of  the  deposition  of 
the  Monotis  and  Daonella  beds,  even  if  it  is  admitted  that  they 
were  contemporaneous  in  deposition,  an  opinion  which  can  not  be 
maintained  by  any  fact^  now  known.  ^^ 

MILTON  FORMATION. 

Turner  describes  the  formation  as  made  up  ''largely  of  tuffs,  all 
of  which,  being  evenly  stratified,  present  the  appearance  of  having 
been  laid  down  in  water.  These  beds  contain  igneous  fragmental 
(pyroclastic)  material  of  the  augitic  greenstone  series,  quartzite, 
fine  red  slates,  a  little  marble,  and  a  variegated  breccia  or  conglom- 
erate." The  limestone  contains  garnet  and  wollastonite  and  the 
sandy  sediments  brown  mica  developed  under  the  metamorphosing 
influence  of  the  adjacent  granitic  intrusions.  The  Milton  formation. 
Turner  states,  is  distinctly  later  in  age  than  the  siliceous  slates 
(Sailor  Canyon)  and  are  probably  Jurassic.  A  comparison  with 
the  Taylorsville  section  suggests  that  they  may  be  the  equivalent 
of  the  Trail  formation,  which  is  of  fresh-water  origin  and  contains 
much  pyroclastic  material  with  other  sediments  and  few  fossils. 

In  the  northwest  portion  of  the  Tnickee  quadrangle  masses  of 
(Habase  and  diabase  porphyry  intercalated  in  the  slates  and  tuffa- 
ceous  nx^ks  are  of  frequent  occurrence,  an<l  Lindgren  suggests  that 
they  may  be  the  Milton  formation. 

On  the  general  geologic  map  of  the  Lassen  Peak  region  and  the 
northern  end  of  the  wSierra  Nevada  the  Sailor  Canyon  beds  are 
mapped  as  Triassic  and  the  Milton  as  Jurassic.  Lindgren  and  Turner 
pointed  out  that  these  rocks  are  much  less  compressed  than  those 
of  Paleozoic  age.  These  Mesozoic  rocks  dip  eastward  and  appear 
to  be  conformable  throughout,  but  rest  with  marked  unconformity 
upon  the  Carboniferous  nx^ks. 

A  short  distance  east  of  the  area  covered  by  the  general  map 
(PI.  I),  in  western  Nevada,  are  a  number  of  localities  at  which 
fossiliferous  Triassic  and  Jurassic  strata  have  been  found.  The 
most  important  Triassic  areas  are  a  few  miles  southeast  of  Dayton, 
near  Volcano,  30  miles  northeast  of  Walker  Lake,  at  New  Pass  m 
the  Desatoya  Mountains,  and  especially  at  Star  Peak  near  Hum- 
boldt, a  locality  made  famous  by  the  work  of  the  Fortieth  Parallel 

o  Bull.  Gcol.  Soc  Amenca.  vol.  f>.  1894.  p.  399. 
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Sui-vey.  At  all  of  these  localities  the  fossils  indicate,  according  to 
Professor  Hyatt"  and  James  P.  Smith,*  a  horizon  lower  than  the 
Ilosselkus  limestone,  about  the  position  of  the  Pit  shales  so  well 
exposed  in  the  Redding  quadrangle.  Lindgren  has  shown ""  that  in 
northeast  Oregon  and  the  adjoining  portion  of  Idaho  the  Triassic, 
like  that  of  the  Taylorsville  and  Redding  regions,  is  well  developed, 
suggesting  connection  with  the  great  masses  of  British  Columliia. 
At  Soda  Springs,  Idaho,  about  100  miles  north  of  Ogden,  a  still 
lower  horizon  of  Triassic  occurs.  It  is  the  oldest  known  in  the 
Nevada  basin  region.  This  basin  contains  also  Jurassic  strata.  As 
shown  by  Hyatt,  the  fauna  of  the  Hardgrave  formation  of  Taylors- 
ville occurs  at  Volcano,  30  miles  east  of  Walker  Lake  in  Nevada, 
and  at  Bear  Creek  in  the  Blue  Mountains  of  eastern  Oregon,  and  he 
asserts **  that  ''it  is  obvious  that  there  was  no  barrier  between  these 
three  littoral  faunas  at  the  time  of  the  deposition  of  thS  upper  Lias 
of  Tayloi-sville  and  that  the  three  basins  were  contemporaneous 
and  connected.^' 

RELATION    OF   THE    TAYI.ORSVILLE   JURASSIC    TO   THE    MARIPOSA. 

The  latest  conclusion  of  Professor  Hyatt  concerning  the  relative 
age  of  the  Jura-Triassic  rocks  of  the  Sierra  Nevada^  places  the 
Ilinchman  formation  about  the  middle  of  the  upper  Jurassic  next 
older  than  the  Mariposa  formation  that  lies  toward  the  base 
on  the  west  slope  of  the  Sierra  Nevada.  He  remarks  the  dis- 
tinctness of  their  faunas.  The  areal  relation  of  the  two  formations 
at  their  nearest  approach  is  shown  on  the  general  map,  PI.  I. 
The  fauna  of  the  Foreman  beds  had  not  been  discovered  when 
Professor  Hyatt  wrote,  and  it  seems  very  probable  that  a  thorough 
study  of  it  by  a  paleontologist  in  the  field  may  bring  the  Foreman 
beds,  the  latest  Jurassic  of  the  Taylorsville  region,  an<l  the  Mariposa 
still  closer  together. 

The  Mariposa  formation  outcrops  on  the  western  slope  near  the 
foot  of  the  Sierra  in  several  long,  narrow  areas  approximately  parallel 
to  the  range.  To  the  northwest  of  Mariposa,  one  belt  of  exposures 
ends  near  Folsom  and  the  other  near  Colfax.  Farther  in  the  same 
direction,  near  Oroville,  some  ])lack  slates  C(mtaining  a  remarkable 
flora  have  been  called  Monte  de  Oro  formation  ])y  Turner.^  Their 
lithologic  similarity  to  the  Mariposa  is  striking  and  their  flora  is 
thought  by  the  paleobotanjsts  to  indicat^^  about  the  same  horizon. 

#  
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In  these  plant  beds,  however,  some  invertebrate  fossils  have  been 
recently  discovered  by  James  Storrs  and  they  throw  new  light  on 
the  age.  Concerning  Storrs's  collection  T.  W.  Stanton  reports 
(February  3,  1908)  as  follows: 

About  a  year  ago,  in  reporting  on  another  collection  obtained  by  Mr.  StorrB  from 
these  beds,  I  expresned  the  opinion  that  they  are  Jurassic,  and  older  than  the  Mariposa 
beds.  The  fosBils  now  under  examination  add  several  species  to  the  previous  list, 
although  I  am  still  unable  to  a^ign  them  to  described  species,  and  they  do  not  therefore 
afford  a  good  basis  for  correlation  with  well-established  horizons.  Perhaps  the  most 
important  addition  is  the  form  doubtfully  referred  to  Aucella.  It  is  represented  by 
one  fairly  good  valve  and  a  fragment  of  another  which  might  belong  to  either  A,  piocki 
of  the  Knoxville  or  to  ^.  erringtoni  of  the  Mariposa  as  far  as  can  be  determined  from  the 
features  preserved.  Unfortunately  there  is  no  right  valve  in  the  collection,  and  the 
generic  reference  is  not  positive.  If  it  is  really  an  AucelUij  the  age  of  the  beds  is  either 
Mariposa  or  Knoxville,  more  likely  the  former.  The  general  character  of  the  other 
forms  is  suggestive  of  the  older  faunas  of  the  Taylorsville  region,  but  it  must  be  admitted 
that  there  is  no  definite  evidence  of  this. 

The  following  list  mentions  the  forms  distinguished : 

Ostrea  sp. 

Pecten.     Two  or  three  species. 

Aucella?    Imperfect  specimens  with  the  form  of  A.  piochi  or  A.  erringtoni. 

Modiola  sp. 

Trigonia  sp. 

Cardium?  sp.  This  is  an  abundant  sfMJcias  that  in  a  previous  report  was  thought  to 
be  an  aviculoid  shell  and  doubtfully  referred  to  Eumicrotis.  The  specimens  of  the 
present  collection  are  somewhat  better  preserved,  but  the  generic  reference  is  still 
doubtful. 

Belemnites  sp.     Several  fragment*. 

SUPPOSED    MARIPOSA    IN    NEVADA. 

In  western  Nevada,  according  to  King,^  a  tliickness  of  probably 
4,000  feet  of  fine-grained  argillaceous  slates  overlies  the  Jurassic 
limestone,  and  he  says:  ''It  is  quite  clear  that  these  upper  Jurassic 
slates  are  to  be  correlated  with  the  similar  rocks  in  California.'* 
Later  researches  have  not  yet  thrown  definite  light  upon  the  above 
correlation  except  that  it  now  seems  possible  and  perhaps  probable 
that  the  slates  of  western  Nevada  may  be  equivalent,  at  least  in  part, 
to  the  Foreman  beds  of  the  Taylorsville  region. 

TEKTIAKY. 
AlTRIFEROrs  ti RAVELS. 

GENERAL   STATEMENT. 

The  auriferous  gravels  outlined  in  the  maps  of  the  Taylorsville 
region  are  deposits  of  an  ancient  system  of  drainage,  in  Tertiary 
time,  very  unUke  that  of  the  same  region  to-day.  The  principal 
ancient  stream.  Jura  River,  had  its  source  in  the  high  Sierra  summits, 
possibly  west  of  the  main  crest,  in  the  neighborhood  of  English  Moun- 
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tain,  as  shown  in  PI.  I,  and  flowed  in  general  a  little  west  of  north, 
by  the  Cascade  mine,  across  the  Downieville  quadrangle  and  the 
Mount  Jura  divide,  in  the  Taylorsville  region,  to  the  northern  end  of 
the  Sierra  Nevada,  beyond  Indian  Valley,  where  it  entered  a  larger 
body  of  water  and  formed  the  main  mass  of  auriferous  grav^gi,  one  of 
the  most  extensive  deposits  of  its  kind  in  CaUfomia. 

AURIFEROUS    GRAVELS    OP  JURA    RIVER   CHANNEL. 

Mount  Jura  divide, — The  divide  extending  northeast  from  Mount 
Jura  toward  Kettle  Rock  has  four  areas  of  auriferous  gravels,  as 
shown  in  PI.  Ill,  and  preserves  a  cross  section  of  the  ancient  valley 
once  occupied  by  Jura  River.  The  two  largest  of  these  masses  have 
been  mined  at  Taylor  and  Hull  diggings  and  range  in  altitude  from 
5,300  to  5,600  feet.  One  of  the  smaller  areas  near  the  west  side 
extends  down  to  5,100  feet,  but  this  may  be  due  in  part  to  a  land- 
sUde;  the  other  Ues  at  an  altitude  of  6,000  feet  on  the  east  side  of  the 
valley.  In  all  probability  these  four  areas  were  once  connected, 
forming  a  continuous  mass  for  approximately  5  miles  along  the 
divide. 

Taylor  diggings. — Taylor  (Uggings,  a  mile  northeast  of  the  summit 
of  Mount  Jura,  were  operated  years  ago  by  a  ditch  from  Taylor 
Lake,  near  Kettle  Rock,  and  expose  about  100  feet  of  gravel,  at  the 
bottom  of  which  Ues  a  bed  of  impure  Ugnitic  coal  about  5  feet  in 
thickness.  Prospect  timnels  have  been  run  into  this  bed  for  a  short 
distance  to  the  west  and  south  and  about  a  ton  of  coaly  material 
removed  and  tried  for  blacksmithing.  The  coaly  material  lies  on 
Jurassic  bed  rock  and  is  overlain  by  gravel,  varying  in  size,  but 
throughout  a  thickness  of  100  feet  rarely  as  much  as  6  inches  in 
diameter.  The  pebbles  are  chiefly  metarhyoUte,  like  the  rock  so  well 
exposed  along  the  eastern  slope  of  Grizzly  Mountains.  The  remain- 
ing pebbles  are  for  the  most  part  granite  and  basic  igneous  rocks, 
some  of  which  are  rich  in  pyroxene. 

Hull  diggings. — On  the  Lucky  S  road  is  a  flat-topped  mass  of 
gravel  capping  the  divide  and  main  spur  for  over  3  miles.  At  the 
head  of  the  north  fork  of  Hosselkus  Creek,  Hull  diggings  expose  about 
100  feet  of  gravel,  in  the  upper  portion  of  which  there  are  15  feet  of 
fine  sand  and  gravel.  The  coarser  gravel  above  and  below  contains 
pebbles  rarely  as  large  as  a  man's  head.  Toward  the  bottom  there 
is  much  sand  and  bowlders  of  metahomblende-andesite  poiphyry 
unlike  the  meta-andesite  bed  rock,  and  some  of  the  bowlders  are 
5  feet  in  diameter.  Whether  these  bowlders  occur  sporadically  in  the 
sand  or  form  a  distinct  layer  could  not  be  determined  for  lack  of 
definite  exposure.  No  bowlders  occur  in  the  well-exposed  upper 
half  of  the  deposits.  Similar  bowlders  occur  along  the  borders  of  the 
exposed  areas  where  the  gravel  has  been  removed  and  has  brought 


62  THE  TAYLOBSVTLLE  REGION,  CALIFORNIA. 

the  bowlders  to  the  surface.  Farther  southwest  toward  Taylor  dig- 
gings a  number  of  granite  bowlders  occur  with  the  others,  and  it  is 
evident  that  all  came  out  of  the  gravel  deposit. 

The  small  mass  of  gravel  on  the  Lucky  S  road,  2^  miles  east  of 
Hull  diggings,  is  fine  and  contains  many  dark  pebbles  like  homfels. 
No  bowlders  were  observed.  The  gravel,  although  well  rounded, 
differs  considerably  in  composition  from  that  farther  west,  and  it  is 
possible  that  this  deposit  belongs  to  a  side  stream. 

The  gravels  of  the  Mount  Jura  divide  contain  no  pebbles  of  the 
Tertiary  lavas  which  Ue  to  the  east  and  northeast.  Many  pebbles  of 
igneous  rocks  are  present,  but  they  are  all  of  types  that  belong  to 
the  pre-Tertiary  bed-rock  series. 

Peak  diggings. — Following  up  the  Jura  River  deposits  south  from 
Taylor  and  Hull  diggings,  we  come  to  three  flat-topped  masses  of 
gravel  at  an  elevation  of  from  5,500  to  5,800  feet  capping  the  divide 
between  Wards  Creek  and  Little  Grizzly  Creek,  southwest  of  Genesee 
Valley.  Peale  diggings  in  these  masses  expose  about  100  feet  of 
gravel,  in  which  pebbles  of  old  rhyoUte  or  quartzite  like  those  of 
Grizzly  Mountains  are  most  abundant.  There  are  some  of  darker 
igneous  rock  and  a  few  of  granite.  Pebbles  6  to  10  inches  in  diameter 
are  common,  but  bowlders  as  large  as  2  feet  in  diameter  are  rare. 

In  the  gravel  bars  of  the  present  streams  of  the  Taylorsville  region, 
and  in  fact  along  all  streams  wdth  fairly  strong  grade,  it  may  be 
observed  that  the  somewhat  flattened  pebbles  instead  of  lying  hori- 
zontal are  generally  inclined  so  that  they  lean  downstream,  and,  like 
shingles  of  a  roof,  overlap  in  that  direction.  Their  upper  surfaces 
slope,  upstream.  This  is  their  position  of  greatest  stability  against 
stream  erosion  and  shows  the  direction  of  flow  in  the  stream  making 
the  deposits. 

At  the  Peale  diggings  most  of  the  pebbles  are  approximately 
spherical,  but  a  few  are  somewhat  flattened  and  generally  slope 
southward,  showing  that  the  stream  came  from  that  direction.  The 
fact  that  the  pebbles  are  largely  of  quartz  porphyry,  like  that  of 
Grizzly  Mountains,  from  which  the  stream  came^  points  to  the  same 
conclusion. 

Cascade  mine  to  MoJuiwk  VaUey, — The  facts  of  the  country  south 
of  the  fortietli  parallel  are  drawTi  largely  from  the  pubUcations  of 
Turner  and  Lindgren.  In  the  Downieville  foUo,  page  4,  Turner  has 
traced  the  deposits  of  the  ancient  stream  we  are  following  from  2  miles 
southeast  of  Tower  Rock  southward,  by  way  of  the  Cascade  mine, 
Lava  Peak,  and  Mohawk  Valley,  to  Haskell  Peak  and  beyond  in  the 
crest  of  the  main  divide  between  Mohawk  Creek  of  Feather  River 
and  North  Fork  of  Yuba  River. 

At  the  Cascade  mine  sandy  layers  are  interstratified  with  gravel, 
and  the  total  thickness  of  the  deposits  is  325  feet,  at  an  elevation  of 
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about  6,000  feet.  There  are  large  granite  bowlders  in  the  gravel  and 
the  bed  rock  belongs  to  the  auriferous  slate  series,  cut  by  numerous 
dikes.  The  occurrence  of  granite  bowlders  to  the  north  of  their 
source,  though  but  a  short  distance.  Turner  thinks  may  be  regarded 
as  evidence  that  the  stream  flowed  to  the  north.  The  Cascade  mine 
gravel  Ues  on  the  edge  of  a  great  mass  of  andesitic  breccia,  beneath 
which  it  extends  southward,  to  reappear  on  the  slopes  of  Little  Long 
Valley  Creek  at  an  altitude  ranging  from  6,000  down  to  5,000  feet; 
and  a  Uttle  farther  south  at  Cedar  Creek,  on  the  border  of  Mohawk 
Valley,  the  gravels  appear  to  reach  a  somewhat  lower  level. 

From  Peale  diggings  to  Mohawk  Valley  the  deposits  **are  similar 
in  being  made  up  of  gravel  and  coarse  sand  with  very  little  fine 
sediment,"  and  Turner  remarks,  ^Hhis  may  be  taken  as  evidence 
that  the  river  bed  had  a  higher  grade  than  the  river  beds  of  the 
southwesterly  system  in  the  western  half  of  the  Downieville  quad- 
rangle." 

Along  HaskeU  Peak  escarpment. — South  of  Mohawk  Valley  the 
ancient  gravels  of  Jura  River  appear  in  patches  at  an  altitude  of 
about  7,000  feet  on  the  edge  of  a  plateau-like  ridge  nmning  northwest 
of  Haskell  Peak.  Here  the  gravels  are  overlain  by  rhyoUte,  which 
is  in  turn  locally  overlain  by  andesite.  The  gravels  contain  a  great 
variety  of  pebbles.  Turner  mentions  ^'contact  metamorphic  schist, 
granite  porphyry,  altered  glassy  andesite  (?)  showing  flow  structure, 
an  altered  holocrystalline  basalt,  a  variegated  breccia  (red  and  green) 
made  up  of  microUtic  fragments  of  lava,  and  a  red  fine-grained  tuff." 
The  last  two  are  very  similar  to  some  of  the  tuffs  of  the  Milton  forma- 
tion and  he  suggests  that  they  probably  came  from  Chips  Hill,  far- 
ther south,  where  the  Milton  formation  lies  directly  beneath  the 
gravel. 

Chips  diggings  J  reversed  drainage. — At  Chips  Hill,  3  miles  northeast 
of  Sierra  City,  where  the  gravel  has  been  extensively  mined,  it  is 
overlain  by  rhyoUte,  and  this  in  turn  is  covered  by  andesitic  breccia. 
The  bed  rock  is  at  an  elevation  of  6,500  feet,  or  about  500  feet  lower 
than  the  gravel  of  Haskell  Peak,  with  which  Turner  thinks  it  was  once 
connected  by  a  stream  flowing  north.  He  considers  that  a  great 
displacement  has  taken  place  between  Mohawk  Valley  and  Haskell 
Peak,  with  differential  change  of  level  on  the  western  side  of  the  fault 
that  reversed  the  drainage  from  north  to  south. 

Three  miles  southeast  of  Sierra  City,  at  an  elevation  of  6,500  feet, 
is  a  trace  of  river  gravel  on  the  edge  of  a  flow  of  rhyoUte  that  has  come 
down  from  the  crest  southeast  of  EngUsh  Mountain,  which  Turner 
regards  as  the  head  of  the  ancient  gravel  stream  that  flowed  north  by 
Mount  Jura. 

Question  as  to  head  of  Jura  River, — The  course  of  the  stream  beyond 
Haskell  Peak  is  a  matter  of  doubt.     As  given  above  it  enters  the 
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Downieville  quadrangle  near  Milton,  coining  from  the  Colfax  quad- 
rangle, where  Lindgren  has  studied  the  ancient  streams  in  detail. 
He  refers  to  a  strongly  marked  depression  beginning  in  the  vicinity 
of  Fordyce  dam  and  extending  northwesterly  in  the  directibn  of  the 
Milton-Meadow  Lake  channel,  which  he  describes,  and  he  concludes 
from  the  bed-rock  elevations  that  it  turned  westward  in  the  vicinity 
of  Milton,  where  it  was  joined  by  *'a  tributary  coining  down  from  the 
vicinity  of  Haskell  Peak,*'  and  remarks,"  'Hhe  high  bed-rock  ridges 
near  Haskell  Peak,  the  northern  side  of  which  has  been  examined 
by  Mr.  H.  W.  Turner,  preclude,  except  by  assuming  very  large  sub- 
sequent disturbances,  any  supposition  that  the  channel  could  have 
flowed  northward  from  Milton."  It  is  evident  that  the  difficulty  in 
the  way  of  accepting  Turner's  view  as  to  the  source  of  Jura  River 
would  be  removed  if  it  could  be  made  to  appear  probable  that  the 
Milton  region,  including  Chips  Hill,  had  subsided  with  reference  to 
Haskell  Peak  and  reversed  the  slope.  The  argument  in  favor  of  this 
view  to  be  drawn  from  the  relation  of  the  present  divide  to  the  main 
ridge  will  be  considered  presently.  Attention  will  be  given  first  to 
the  light  thrown  on  the  question  by  the  distribution  of  the  gravels. 

The  large  deposits  of  gravel  at  Haskell  Peak  give  positive  evidence 
of  a  good-sized  stream.  The  gravel,  composed,  as  Turner  has  shown, 
of  a  great  variety  of  rocks,  rests  directly  on  granodiorite  and  must 
have  been  brought  from  some  distance.  At  that  time  Haskell  Peak 
did  not  exist.  It  is  made  of  lavas  all  of  which  are  younger  than  the 
auriferous  gravels  and  overlie  them,  so  that  Haskell  Peak  can  not  be 
considered  the  source  of  the  ancient  gravel  stream.  Whatever  the 
direction  of  flow  of  the  gravel  stream  at  Haskell  Peak,  except  directly 
on  the  Une  of  the  crest,  it  must  since  have  experienced  a  reversal  of 
drainage  slope  on  the  approaching  side.  The  definite  knowledge  of 
Jura  River  and  its  deposits  from  Mohawk  Valley  north  demonstrates 
that  it  is  not  the  north-slope  drainage  of  Mount  Haskell  that  has  been 
reversed,  and  points  to  the  south  slope  as  the  one  reversed. 

For  2  miles  northwest  of  Haskell  Peak  the  ancient  gravel  stream 
bed  follows  the  divide  to  a  point  where  the  crest  is  ofl'set  to  the  west. 
Here  the  gravel  ends.  Leaving  the  divide  and  following  the  stream 
course  northwest  no  gravel  is  seen  for  nearly  10  miles,  until  it  appears 
on  Cedar  Creek  beyond  Mohawk  Valley.  From  that  point  to  Mount 
Jura  divide  the  channel  is  easily  traced. 

If  now  we  return  to  Haskell  Peak  and  try  to  follow  the  stream 
course  along  the  crest  to  the  southeast  no  trace  of  it  appears,  although 
the  crest  is  bare  and  well  fitted  with  local  lava  capping  which  might 
reasonably  be  expected  to  preserve  the  gravel  in  place.  It  appears 
most  probable,  from  the  absence  of  gravel  on  the  divide,  that  the  chan- 
nel lay  farther  west,  more  nearly  in  the  direction  of  the  general  course 
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of  the  stream.  The  known  gravel  masses  which  he  beyond  Haskell 
Peak  most  nearly  in  the  general  course  of  the  ancient  stream  are  those 
of  Chips  Hill  in  Une  with  that  on  the  divide  north  of  Milton,  suggesting 
their  source  for  the  Haskell  Peak  gravels. 

Drainage  suggested  hy  rhyolite  flow, — There  is  a  suggestion  of  con- 
tinuous drainage  from  Meadow  Lake  to  Haskell  Peak  in  the  distribu- 
tion of  the  rhyolite  flows  which  followed  the  watercourses,  but  the 
suggestion  may  be  misleading,  for  the  rhyoUte  appears  to  have  come 
from  several  sources.  The  flow  from  near  Meadow  Lake,  outlined  by 
Lindgren,  may  have  continued  as  far  northwest  as  Chips  Hill,  but  the 
large  mass  farther  north,  as  pointed  out  by  Turner,  probably  origi- 
nated in  Haskell  Peak. 

If  the  drainage  at  the  time  of  the  rhyolite  eruption  was  westward  in 
the  vicinity  of  Milton,  and  the  supply  of  lava  sufficiently  large,  a  west- 
ward turn  of  the  rhyolite  stream  would  be  expected.  Such  a  turn  is 
suggested  in  Findley  Peak,  and  others  may  have  been  washed  away. 
It  is  possible,  too,  that  the  rhyolite  north  of  Middle  Fork  of  the  Yuba 
came  from  Haskell  Peak.  Whatever  may  have  been  the  course  of 
drainage  during  the  gravel  period  or  at  the  time  of  the  effusion  of  the 
rhyolite,  there  can  be  no  question  that  the  streams  of  andesite  from 
the  eastward  followed  essentially  the  present  system  of  drainage 
through  a  gap  in  the  line  of  the  main  crest  represented  by  Sierra 
Buttes. 

Suggestion  of  double  crest — It  is  important  to  note  that  the  topog- 
raphy of  the  region  is  exceptional  in  that  there  are  two  crests.  The 
main  crest  between  Mount  Elwell  and  Castle  Peak  passes  through 
Sierra  Buttes,  Findley  Peak,  and  English  Mountain  to  Meadow  Lake, 
but  this  crest  is  not  the  present  divide.  The  divide  curves  eastward 
through  Haskell  Peak  and  Webber  Peak  to  near  Meadow  Lake,  as  if 
following  the  summit  of  what  may  be  a  small  fault  block  east  of  the 
main  crest  between  Sierra  Buttes  and  Sierra  Valley. 

Fan-shaped  drainage  of  the  Milton  region. — The  drainage  of  the  area 
in  question  is  peculiar  in  that  it  is  open  fan-shaped.  Both  North  Fork 
and  Middle  Fork  of  Yuba  River  head  in  this  region.  Their  head 
branches  converge  toward  Milton,  where  the  two  master  streams  turn 
west  and  within  3  miles  of  each  other  cut  across  the  line  of  the  old 
crest  south  of  Sierra  Buttes  and  then  diverge  down  the  western  slope 
of  the  range.  The  peculiar  constriction  of  these  stream  courses  near 
their  head  can  not  be  due  to  the  relatively  hard  rocks  of  Sierra  Buttes, 
for  such  rocks  do  not  appear  on  the  Middle  Fork. 

Present  divide. — The  highest  points  of  the  Haskell  Peak  divide  are 
chiefly  of  volcanic  rocks,  which  are  later  than  the  gravels,  while  the 
main  ridge  about  Sierra  Buttes  is  made  entirely  of  bed-rock  series.  It 
is  possible  that  during  the  gravel  period  the  main  ridge  was  the  divide 
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giving  birth  to  the  drainage  as  outlined  by  Turner,  but  at  the  close  of 
the  gravel  period,  when  the  Mohawk  Valley  and  Sierra  Valley  region 
sank  2,000  feet,  the  Milton  region  may  also  have  gone  down  500  feet 
and  established  a  new  divide  through  Haskell  Peak. 

MAIN    HA8S   OP   AURIFEROUS   C. RAVEL. 

The  main  mass  of  auriferous  gravel  is  spread  in  irregular  patches 
over  an  area  about  20  miles  in  length  and  9  miles  in  breadth,  with  the 
greatest  dimension  parallel  to  the  crest  of  the  Sierra  Nevada,  on  which 
it  lies.  Its  western  portion,  in  the  Moonlight  region,  will  be  considered 
first  and  then,  in  order,  the  northern,  eastern,  and  southern  portions. 

The  Moorilight  region. — Moonlight  lies  12  miles  north  of  Taylorsville, 
at  the  head  of  Surprise  Creek.  The  divide  east  of  Moonlight,  ranging 
in  altitude  from  5,600  to  7,000  feet,  is  drained  by  the  west  fork  of 
Lights  Creek  and  affords  the  most  extensive  section  of  auriferous 
gravels  in  the  region.  The  total  thickness  is  over  1,000  feet.  The 
lower  400  feet  is  chiefly  sand  and  the  upper  600  feet  gravel  or  conglom- 
erate, which  is  especially  remarkable  on  account  of  its  lithification. 

The  conglomerate  is  sometimes  so  firmly  cemented  that  when  the 
rock  is  broken  the  fracture  passes  through  instead  of  around  the  peb- 
bles. This  feature  gives  to  the  conglomerate  an  aspect  of  greater  age 
than  the  loose  gravel  possesses.  Some  of  the  conglomerate  is  fine, 
with  pebbles  of  quartz  of  various  colors  and  many  pebbles  of  old  andes- 
itic  rocks,  like  those  of  the  county-line  ridge,  to  the  north.  The  paste 
is  greenish  and,  as  the  microscope  shows,  is  composed  largely  of  igneous 
material.  The  smooth  round  pebbles  of  the  coarse  conglomerate  are 
occasionally  faulted.  Many  pebbles  are  a  foot  in  diameter,  and  rarely 
they  are  2  J  feet,  but  they  average  about  an  inch.  A  few  beds  of  sand 
occur  in  the  conglomerate,  and  when  fine  they  generally  contain  fossil 
leaves,  of  which  collections  were  made.  The  conglomerate  and  inter- 
bedded  sandstone  apparently  strike  N.  10°  E.  and  dip  20°  NW.  The 
steep  slope  east  of  Moonlight  is  so  covered  wnth  faulted  landslide  blocks 
that  it  is  difficult  to  find  the  rock  in  place,  but  the  whole  succession  of 
conglomeratic  beds  appears  conformable  and  not  less  than  600  feet  in 
thickness. 

The  sandstone  beneath  the  gravel  for  100  feet  is  fairly  well  cemented 
and  some  of  it  is  light  gray,  like  tuff,  but  the  microscope  shows  it  to  be 
made  up  of  angular  particles  of  quartz  and  some  plagioclase  with  much 
argillaceous  matter  and  no  definite  volcanic  fragments.  Below  this 
the  material  is  softer  and  landslides  abundant.  Exposures  are  few, 
and  the  sand  of  the  lower  portion  of  the  deposit  is  arkose.  The  rocks, 
too,  beneath  the  sand  are  largely  disintegrated.  Traces  of  leaves 
occur  at  many  places,  and  the  upper  part  where  firmly  cemented  makes 
a  rough  ridge  with  steep  cliff  face  to  the  east.  The  thick  mass  of  the 
Moonlight  region  extends  north  across  the  divide  to  the  head  of  Wil- 
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lards  Creek,  where  it  expands  into  a  much  larger  area,  to  be  noted 
presently. 

South  end  of  Mountain  Meadows, — At  the  southeast  head  of  Moun- 
tain Meadows  is  a  body  of  well-rounded  gravel  which  covers  the  broad 
and  low  divide  between  Mountain  Meadows  and  Cooks  Canyon.  The 
gravel  is  not  cemented,  lies  flat  as  deposited,  and  looks  younger  than 
that  of  the  conglomerate  east  of  Moonlight.  It  represents  the  unmod- 
ified bed  of  the  western  branch  of  the  ancient  Jura  River.  The  gravel 
is  not  very  coarse  and  bowlders  are  not  conunon.  Where  mined,  it  is 
underlain  by  sand,  and  the  whole  mass  is  not  over  20  feet  in  thickness. 
In  one  mine  only  5  feet  of  gravel  was  exposed  overlying  2\  feet  of  gray 
and  reddish  sand.  Upon  both  sides  it  is  limited  by  ancient  igneous 
rocks.  To  the  southeast  it  has  been  washed  away,  and  thus  its  con- 
nection with  Moonlight  has  been  severed.  To  the  northwest  it  passes 
beneath  the  alluvium  of  Mountain  Meadows  and  does  not  reappear 
until  the  northern  end  of  the  meadows  is  reached  at  the  Narrows.  The 
slope  east  of  Mountain  Meadows  is  generally  free  from  gravel  and  is 
formed  of  ancient  volcanics  capped  here  and  there  by  later  flows  of 
lava  which  have  not  been  mapped. 

North  end  of  Mountain  Meadows. — The  Red  Bluff-Susanville  road 
is  on  gravel  from  the  north  end  of  Mountain  Meadows  across  the  divide 
to  near  Stocktons,  a  distance  of  about  10  miles.  West  of  the  summit 
the  streams  (dry  in  simimer)  which  enter  the  meadows  from  the 
southeast  at  Nanney  and  Browns  afford  sections  of  about  500  feet  of 
gravel  capped  on  the  crest  by  lava  and  tuff.  The  gravel  has  a  large 
proportion  of  siliceous  pebbles.  Many  are  of  black  chert,  with  others 
of  old  sandstone  and  conglomerate  and  a  few  of  older  igneous  rocks. 
In  this  regard  as  well  as  in  their  general  lack  of  cementation  they  are 
strongly  contrasted  with  the  deposits  of  older  gravel  on  the  slope  east 
of  Moonlight.  These  gravels  south  of  Browns,  so  clearly  capped  by 
lava  and  tuff,  are  underlain  by  sand,  which  gives  rise  to  many  land- 
slides, some  of  whose  basins  still  contain  swamps  or  ponds.  This 
pitted  surface  has  the  aspect  of  a  moraine,  but  contains  no  bbwlders, 
and  passes  into  protected  portions  which  are  not  only  free  from  land- 
slides, but  pass  beneath  the  capping  layer  of  andesite  tuff.  Half  a 
mile  southeast  of  Nanney  was  found  a  smooth  round  pebble  of  fossil- 
iferous  sandstone  like  that  of  Hinchman  Ravine  on  Mount  Jura.  Near 
the  summit  of  the  gravel  pebbles  of  modem  lava  become  abundant, 
but  no  definite  horizon  was  observed  at  which  the,  pebbles  of  modem 
lavas  begin  to  appear. 

Generally  the  gravel  about  Mountain  Meadows  is  not  cemented, 
but  a  rather  strikmg  exception  to  the  rule  occurs  one-fourth  mile  north- 
west of  Browns,  where  the  cemented  sand  and  gravel  rich  in  quartz 
forms  a  low  divide  and  is  overlain  by  loose  gravel,  which  is  finally 
capped  to  the  northwest  by  volcanics.     It  seems  probable  that  the 


68  THE  TAYLORSVILLE  REGION,  GALIFOBKIA. 

cementation  of  the  gravel  in  this  case  may  be  due  to  the  intniaion  of 
the  andesite  which  forms  the  bluff  opposite  Nanney. 

WiUards  Creel'  distrix:t, — On  the  slopes  of  Willards  Creek  the  aurif- 
erous gravels  are  exposed  to  a  tliickness  of  over  600  feet,  but  the 
sediments  are  not  so  firmly  cemented  as  those  east  of  Moonlight  and 
at  the  head  of  Gold  Run.  The  gravels  exposed  contain  numerous 
pebbles  of  fresh  lava  with  those  of  black  chert,  sandstone,  and  other 
siliceous  material,  which  appear  to  have  been  derived  from  earlier 
gravels  by  erosion.  One  of  the  pebbles  of  gray  sandstone  contained 
a  characteristic  RhynchoTiella  of  the  Mormon  formation  of  Mount 
Jura  near  Taylorsville,  and  indicates  clearly  its  source.  The  follow- 
ing secti(m  was  observed  \\  miles  southeast  of  the  road  smnmit: 

Sictifm  near  road  summit,  Willards  Creek  district. 

Feet. 

Aiulesitir  volcanic  breccia 20 

Gmvcl  containing  many  lava  pebbles  with  older  ones  of  chert,  etc 75 

Sandstone  with  a  little  fme  conglomerate  and  light-colored  beds  of  fine  ihyolitic 
tuf! 90 

No  satisfactorj'  exposure  was  obtained  of  the  material  underlying 
the  rhyolitic  tuff. 

The  tuff  is  composed  largely  of  light-brown  amorphous  dust, 
splinters  of  clear  glass  with  fragments  of  clear  glass  pumice,  and 
angular  grains  of  (quartz,  feldspar,  augito,  and  hornblende.  It  is 
deciihxlly  cross-bedded  and  appears  to  dip  gently  to  the  northeast. 

A  cluMnical  analysis  of  this  rhyolitic  tuff  (p.  92)  shows  that  it  is 
aj)paronth^  identical  with  the  rhyolitic  tuff  which  caps  the  earlier 
gravels  at  various  places  on  tlio  western  slope  of  the  Sierra  Nevada. 
Unfortunately,  on  Wilhirds  Creek  the  part  of  the  section  below  the 
rliyoHtic  tuff  was  not  found  exposed. 

Head  ofdahl  Run. — Gravel  occurs  along  the  Taylorsville  road  most 
of  the  wav  (h)wn  (lold  Run.  Near  its  head  west  of  the  road  where 
firmly  ccnientod  the  conglomerate  has  a  thickness  of  over  360  feet, 
dips  gently  to  the  northeast,  and  forms  prominent  cUffs.  At  this 
])oint  the  conglouKTate  varies  in  the  size  of  the  pebbles,  but  is  rarely 
coarse.  Some  of  tlie  peb])les  are  crushed  and  faulted  in-.a  way  to 
indicate  great  strain.  Tliese  effects  were  observed  only  in  the  con- 
glomerate near  the  crest  of  the  range,  from  which  considerable  mate- 
rial may  have  been  removed  ]>y  erosion.  Many  of  the  pebbles  are  of 
old  volcanic  rocks  like  those  noted  in  the  gravels  east  of  Moonlight. 
The  inter])edded  lenses  of  fine  sediment  occasionally  contain  fossil 
leaves,  of  which  an  excellent  series  of  specimens  were  collected  by 
James  Storrs  in  1904.  Tliey  were  obtained  about  three-foiulihs  of 
a  mile  northwest  of  the  road  smnmit  and  350  feet  below  it,  on  a  branch 
of  the  west  fork  of  Gold  Run.     Dikelike  bodies  of  hornblende  andes- 
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ite  cut  the  conglomerate  gravels  at  this  point,  and  their  intrusion 
may  have  had  something  to  do  with  the  induration  of  the  gravel  mass. 

Diamond  Mountain  gravel, — On  the  Sierra  crest,  a  few  miles  south- 
east of  the  Lights  Canyon  road  summit,  there  are  two  high  points, 
both  composed  of  andesitic  breccia.  The  west  one  is  commonly 
known  as  Red  Moimtain  on  account  of  the  colored  tuff,  while  the 
other,  about  a  mile  to  the  northeast,  is  called  Diamond  Moimtain. 
Between  them  is  a  ridge  of  gravel  which  is  overlain  by  the  volcanic 
breccias  of  the  two  peaks.  Near  Red  Mountain  the  gravel  of  this 
ridge  is  composed  largely  of  quartz,  chert,  and  old  sedimentary  as  well 
as  igneous  rocks.  Farther  east  as  the  ridge  rises  lava  pebbles  come 
in,  and  near  the  top  the  pebbles  are  almost  wholly  of  lava.  The  con- 
trast between  the  earlier  quartzose  gravel  and  the  later  directly 
overlying  gravel  of  lava  fragments  is  striking.  The  gravel  contains 
occasional  bowlders,  some  of  which  are  12  feet  in  diameter  and  entirely 
out  of  accord  with  the  associated  well-rounded  gravel.  One  bowlder 
and  several  large  pebbles  were  foimd  with  striae,  but  no  definite  glacial 
moraines  were  distinguished. 

Southeast  of  Diamond  Mountain  a  prominent  ridge  of  gravel  forms 
the  crest  of  the  Sierra  for  several  miles  at  an  altitude  of  over  7,000 
feet,  overlooking  the  bold  escarpment  facing  Honey  Lake  Valley. 
The  gravel  of  this  prominent  crest  ridge  is  about  300  feet  in  thickness 
and  rests  on  the  granite  which  outcrops  on  the  eastern  slope.  The 
gravel  is  coarse  and  chiefly  of  andesitic  fragments  on  the  surface,  but 
near  the  bottom  is  finer,  though  the  lower  half  of  the  mass  contains 
most  of  the  granite  bowlders  strewn  on  the  eastern  slopes.  The  ridge 
is  separated  from  Diamond  Moimtain  by  a  gap  from  which  the  gravel 
has  been  removed.  A  small  pond  occurs  in  the  gap,  and  a  flow  of 
basalt  with  flow  structure  rising  to  the  northeast  forms  a  cliff  facing 
in  the  same  way  as  if  the  lava  flow  came  from  that  direction.  Similar 
basalt  hangs  on  the  granite  slope  a  mile  to  the  southeast. .  A  small 
gravel  scarp  near  the  pond  suggests  faulting. 

Gravel  has  been  mined  to  a  very  limited  extent  along  the  eastern 
base  of  the  Sierra,  a  short  distance  south  of  Gold  Run,  4  miles  from 
Susanville,  but  no  large  body  of  gravel  is  exposed  at  that  point.  If 
it  ever  extended  so  far  east,  it  has  probably  been  covered  by  the  later 
lavas  and  lake  deposits  of  that  region. 

Diamond  Mountain  shore  terraces. — Shore  terraces  are  well  de- 
veloped about  Diamond  Mountain,  as  though  it  were  an  insular  mass 
against  which  the  waves  beat  and  carved  out  a  shore  line.  As 
shown  in  fig.  9,  Diamond  Mountain  has  five  spurs  running  in  various 
directions.  The  summit  of  the  mountain  is  (1)  andesitic  breccia, 
about  300  feet  in  thickness.  On  each  spur  the  breccia  is  limited  by 
a  more  or  less  clearly  defined  shore  cliff,  beyond  which  is  a  mass  of 
(2)  gravel  composed  almost  wholly  of  well-rounded  lava  fragments. 
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Beyond  the  lava  gravel  (2)  on  most  of  the  spurs  at  a  lower  level 
comes  (3)  the  gravel  in  which  pebbles  of  Tertiary  lavas  are  rare  or 
absent  and  pebbles  of  quartzose  rocks  are  most  abundant.  Their 
general  relations  in  a  vertical  section  are  shown  in  fig.  10,  where  the 
numbers  have  the  same  significance.  The  total  thickness  of  the  gravel 
is  less  than  300  feet.     Granite  bowlders  appear  to  be  most  abundant 

on  the  lower  half  of  the 
gravel.  Farther  southeast 
along  the  crest  under  the 
thick  mass  of  basalt  flows, 
forming  Thompson  Peak, 
there  is  no  gravel  separating 
it  from  the  granitic  rock. 
On  the  contact  the  basalt 
includes  a  residual  bowlder 
of  diorite,  showing  that  the 
basalt  flowed  over  a  surface 
long  exposed  to  disintegra- 
tion. 

Lone  Rock  and  Kettle  Rock 
regions, — Southwest  of  Dia- 
mond Mountain,  in  the  flat 
country  drained  by  the  head- 
waters of  Indian  Creek,  the 
gravels  are  widely  distributed  in  a  heavy  body,  although  much  of 
it  has  been  removed  by  erosion.  The  east  border  laps  over  upon 
the  granite  without  any  lava  capping  and  extends  south,  sendiiq^  a 
branch  to  the  forks  of  Indian  Creek,  where  it  ends  at  an  elevation 
of  about  1,000  feet  below  the  main  crest  of  the  gravel  ridge.     West 
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Fio.  9.— Sketch  plan  of  Diamond  Mountain,  showing  shore 
terraces  on  spurs.    1,  Andesltlc  breccia  forming  summit; 

2,  gravel  of  lava  pebbles  on  shore  terraces  on  spurs; 

3,  gravel  rich  in  quartz  pebbles;  4,  granodiorite. 
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Fio.  10.— Generalized  section  of  spur  of  Diamond  Mountain.    1,  Andesltlc  breccia;  2,  gravel  of  lava 
pebbles;  3,  gravels  rich  in  quartz  pebbles  and  sand  below;  4,  granodiorite. 

of  Lone  Rock,  on  the  branches  of  the  south  fork  of  Lights  Creek, 
the  gravel  was  not  cemented  and  has  been  largely  removed,  leaving 
on  the  lower  slopes  but  a  thin  coating  on  the  arkose  sands,  which 
contain  occasional  well-rounded  quartz  pebbles  to  show  that  they 
are  not  residual  but  recomposed.  Farther  south  it  caps  the  broad 
divide  rising  toward  Kettle  Rock,  and  above  the  Lucky  S  mine  reaches 


TKKTIARY  ROCKS.  71 

an  altitude  of  over  7,000  feet.  Several  hundred  feet  of  gravel  occur 
here.  The  lower  part  is  fine,  with  many  pebbles  of  quartz  and  sili- 
ceous rocks,  and  the  upper  part,  associated  with  the  volcanic  breccia, 
is  composed  chiefly  of  andesitic  fragments.  The  earlier  gravels  near 
the  Lucky  S  mine  were  once  connected  with  those  of  a  few  miles 
southward  on  the  Mount  Jura  divide,  but  the  later  gravels  of  lava 
pebbles  present  above  the  Lucky  S  mine  appear  to  be  absent  on  the 
Moimt  Jura  divide. 

ISOLATED  MASSES  OF  GRAVELS  NOSTHBAST  OF  MOHAWK  VALLEY* 

This  country  forms  the  eastern  slope  of  Jura  River  and  is  some- 
what remarkable  for  the  paucity  of  its  gravels.  The  principal  body 
found  in  this  region  is  near  Mapes,  on  Squaw  Creek,  5  miles  northeast 
of  Chase's,  where  a  knoll  on  the  meadow  border  is  made  up  of  cobble- 
stones and  pebbles  of  granite  and  dark  shaly  rock,  with  many  of 
lava.  Though  of  small  extent  it  is  a  veritable  washed  gravel,  and 
must  once  have  underlain  an  adjacent  mass  of  lava  several  hundred 
feet  in  thickness.  Whether  the  gravel  rests  directly  on  the  grano- 
diorite  or  is  separated  from  it  by  a  thin  sheet  of  volcanic  rocks  was 
not  definitely  determined. 

Traces  of  gravel  and  bowlders  were  found  on  the  west  side  of  the 
crest  opposite  Milford,  but  similar  pebbles  occur  in  the  associated 
tuff,  and  they  may  have  been  hberated  by  weathering.  By  a  small 
area  of  altered  rocks  inclosed  in  the  granodiorite,  3  miles  southwest 
of  Clark's  dairy,  there  is  a  small  mass  of  quartz  gravel  locally  developed, 
which  may  represent  a  small  stream  extending  to  the  margin  of  the 
delta  gravel  only  a  few  miles  to  the  northwest. 

A  few  pebbles  of  quartzose  rocks  were  found  near  Chase's  on  Red 
Clover  Creek,  but  no  definite  body  of  gravel  was  seen  in  place. 
However,  it  is  not  only  possible  but  probable  that  a  stream  passed 
near  there,  for  on  the  north  slope  of  Mount  Ingalls  is  a  mass  of 
well-rounded  coarse  gravel  of  lava  fragments  deposited  during  the 
volcanic  period,  but  most  likely  representing  a  descendant  of  a  stream 
of  the  prevolcanic  period. 

The  contact  of  the  gently  rolling  platform  of  granodiorite  and  the 
overlying  sheet  of  volcanic  rocks  was  examined  at  many  points  about 
the  heads  of  Squaw  and  Last  Chance  creeks  without  finding  a  trace 
of  gravel,  and  it  is  certain  that  the  great  sheet  of  estuarine  gravel, 
which  at  Diamond  Mountain  hes  between  the  sheet  of  volcanic  rocks 
and  the  granodiorite,  does  not  extend  south  of  the  latitude  of  Kettle 
Rock. 

Along  the  fortieth  parallel  east  of  Red  Clover  Creek  granodiorite 
forms  a  broad  platform  gently  inclined  to  the  northwest.  It  is  cov- 
ered throughout  most  of  the  area  by  a  sheet  of  volcanic  rocks  whose 
thickness  is  only  a  few  hundred  feet.    The  thin  cover  it  makes  for 
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the  granodiorite  is  especially  well  exposed  along  the  eastern  escarp- 
ment, where  it  appears  only  on  the  crest.  The  escarpment  is  of 
granodiorite. 

CLASSIFICATION  OF  THE  AUBIFEBOUS  GRAVELS. 

The  early  investigations  of  the  Geological  Survey  of  California 
under  J.  D.  Whitney  proved  the  fluviatile  origin  of  the  gravels,  but 
it  remained  for  the  later  workers,  especially  Ross  E.  Browne,  H.  W. 
Turner,  and  Waldemar  Lindgren,  to  work  out  their  classification. 
The  latest  expression  on  the  subject  is  by  Lindgren,"  who  states  that 
in  the  principal  broad  Neocene  river  valleys  one  may  generally  dis- 
tinguish the  following  formations: 

A.  Antevolcanic  deposits {l'  The  deep  gravels 

12.  The  bench  gravels. 

3.  The  rhyolitic  tuffs. 

B.  Volcanic  and  intervolcanic 

deposits. 


4.  The  gravels  of  the  rhyolitic  period. 

5.  The  gravels  of  the  intervolcanic  erosion  period. 

6.  The  andesitic  tuffs  and  tuffaceous  breccias. 


For  various  reasons  the  gravel  deposits  where  thickest,  east  of 
Moonhght  and  at  the  head  of  Willards  Creek,  are  not  worked,  so  that 
complete  and  detailed  sections  are  nowhere  available.  The  lower 
portion  of  the  mass  especially  is  affected  by  landslides,  and  outcrops 
are  few.  As  a  whole  the  deposits  of  the  Taylorsville  region  included 
under  the  general  term  auriferous  gravels  may  be  considered  under 
the  following  headings: 

EARLIER  DEPOSrrS  (PRE VOLCANIC). 

ArJcose  sands. — At  every  point  where  the  bottom  portion  of  the 
main  mass  is  exposed  it  is  found  to  be  composed  of  sand,  and  the 
greater  part,  especially  the  lower,  is  often  decidedly  arkose,  so  much 
so  that  in  some  of  the  mines  it  was  difficult  to  tell  whether  the  mate- 
rial was  simply  disintegrated  granodiorite  in  place  or  recomposed. 
In  most  cases  careful  search  ultimately  brought  to  fight  a  few  small 
but  smooth  round  quartz  pebbles  to  prove  it  arkose.  Gravel  beds 
in  this  portion  are  rare.  In  some  cases  carbonaceous  clay  beds, 
amounting  even  to  impure  coal,  occur,  but  it  is  not  certain  that  they 
underfie  the  main  mass,  though  the  sand  is  befieved  to  underlie  the 
whole  with  a  variable  thickness,  and  a  local  maximum  of  not  less 
than  500  feet.     Some  of  it  is  lithified,  forming  sandstone. 

When  we  turn  to  the  river  channel  some  distance  above  where  it 
joins  the  main  deposits,  as,  for  example,  at  Peale  diggings  and  farther 
up  the  stream,  the  fine  beds  at  the  bottom  have  disappeared.  It  is 
to  be  expected,  of  course,  that  the  main  mass  in  general  is  older  than 
that  in  the  channel,  which  is  ever  moving  downstream  to  join  the 
delta. 

,  a  Jour.  Geology,  vol.  4,  lg96,  p.  881. 
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Tlie  prevolcanic  gravels, — These  gravels  usually  contain  more  or  less 
pebbles  of  white  quartz  with  others  prevailingly  quartzose,  and  all  are 
derived  from  the  bed-rock  series,  among  which  there  are  many  igneous 
rocks,  but  no  Tertiary  lavas.  The  material  ranges  in  size  from  occa- 
sional sand  streaks  to  scattered  bowlders  up  to  12  feet  through,  but 
the  greater  number  of  the  pebbles  are  from  1  to  4  inches  in  diameter. 
Locally  they  are  cemented  so  as  to  form  conglomerate.  The  gravels 
of  the  Jura  River  bed  throughout  its  whole  course,  as  well  as  the 
bulk  of  the  gravels  of  the  delta,  belong  to  this  horizon.  It  has  a 
maximum  thickness  of  over  500  feet,  and  near  its  base  contains  fossil 
leaves. 

It  has  not  been  foimd  possible  at  any  point  I  have  had  an  opportu- 
nity to  examine  along  the  course  of  Jura  River  to  distinguish  the 
deep  gravels  and  the  bench  gravels  described  by  Lindgren.  The 
great  bulk  of  the  stream  gravels  in  the  broad  channel  are  undoubtedly 
bench  gravels,  but  the  presence  of  the  deep  gravels  could  not  be 
clearly  demonstrated.  More  extensive  mining  may  bring  them  to 
Ught.  However  this  may  be,  the  equivalents  of  both  deep  gravels 
and  bench  gravels  most  likely  occur  in  the  main  mass,  but  have  not 
yet  been  distinguished. 

LATER  DEPOSITS   (iNTERVOLCANIc). 

Rhyolitic  tuff. — In  the  region  of  Willards  Creek  rhyolitic  tuff  was 
found  interbedded  with  sandstone  between  masses  of  conglomerate, 
and  it  belongs  in  the  succession  of  gravels  before  the  eruption  of  the 
volcanic  breccia.  There  are  several  beds  of  tuff  grading  into  sand- 
stone which  are  very  similar  to  the  rhyolitic  tuffs  which  Lindgren 
and  Turner  have  described  as  overlying  the  bench  gravels  in  the 
Sierra  Nevada  south  of  the  Taylorsville  region.  Jthyolite  flows  occur 
at  Haskell  Peak  and  beyond,  overlying  the  gravels  to  the  head  of  Jura 
River,  and  are  themselves  overlain  by  flows  of  andesite  breccia,  but 
both  kinds  of  flows  are  generally  absent  from  the  ancient  river  chan- 
nel north  of  the  fortieth  parallel  until  the  main  mass  is  reached  in 
the  vicinity  of  the  present  crest.  Chemical  analyses  of  the  rhyolite 
tuffs  farther  south  are  not  available  for  comparison,  but  Lindgren, 
who  has  kindly  examined  the  slides  and  specimens  from  Willards 
Creek,  recognizes  them  as  being  practically  identical  with  the  rhyolite 
tuff  to  which  he  refers. 

Intervolcanic  gravels, — Overlying  the  rhyolitic  tuff  and  sandstone 
on  Willards  Creek  is  a  mass  of  gravel  containing  a  considerable  pro- 
portion of  lava  pebbles,  and  these  increase  in  amount  upward  through 
a  thickness  of  about  75  feet.  These  were  found  at  only  one  place, 
and  were  not  studied  in  great  detail  at  the  time,  but  they  appear  to 
lie  conformably  between  the  andesitic  breccia  and  rhyolitic  tuff  and 
find  their  equivalents  most  likely  in  those  of  the  rhyolitic  period  and 
intervolcanic-erosion  period  of  Lindgren. 
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Volcanic  flows,  chiefly  andesitic  breccia. — This  material  is  mainly  of 
hornblende  and  hypersthene  andesite,  often  in  the  form  of  breccia, 
such  as  filled  the  broad  valleys  and  covered  the  rhyolite  flows  and 
auriferous  gravels  at  many  points.  Their  source  in  the  Taylorsville 
region  is  fairly  well  marked  at  Red  Mountain,  near  Diamond  Moun- 
tain, and  a  few  miles  farther  northwest  on  the  crest,  and  by  their 
extrusion  over  the  submerged  end  of  the  Sierra  Nevada  the  bottom 
became  very  irregular.  As  eruptions  progressed  the  water  became 
more  shallow,  with  islands  along  the  summit. 

Shore  gravel, — The  islands  along  the  crest  are  bordered  by  beach 
platforms  paved  with  coarse  gravel  and  cobblestones  of  andesite,  with 
a  few  of  basalt  derived  directly  from  the  adjacent  shore.  Their  lower 
portions  locally  join  the  inter  volcanic  gravels,  but  their  relations 
could  not  be  fully  determined.  The  prevolcanic  gravels  at  Moon- 
light and  the  head  of  Willards  Creek,  as  already  pointed  out,  have  a 
decided  dip  of  from  15*^  to  20°,  which  appears  to  indicate  tilting  after 
deposition;  but  as  clearly  bedded  andesitic  tuff  associated  with  the 
volcanic  breccia  shows  the  same  inclination,  it  appears  that  the  tilting 
took  place  in  the  final  movement  after  all  the  gravels  were  deposited, 
possibly  with  essential  conformability  throughout. 

lONE  FORMATION. 

The  lone  formation,  made  up  chiefly  of  sand  and  gravels,  lies  along 
the  western  base  of  the  Sierra  Nevada  in  the  Sacramento  Valley, 
where  Lindgren"  has  found  that  it  contains  Miocene  shells,  and  with 
Turner^  has  shown  that  it  was  deposited  synchronously  with  the 
older  auriferous  gravels.  The  lone  formation  is  extensively  developed 
in  the  eastern  part  of  Shasta  County,  from  Cow  Creek  to  Kosk  Creek, 
beyond  the  great  bend  of  Pit  River,  and  contains  fossil  leaves  and 
local  traces  of  coal.  The  strata  dip  easterly  beneath  the  great  mass 
of  Tertiary  lavas  about  Lassen  Peak,  and  are  believed  to  represent 
the  same  geologic  horizon,  and  possibly  are  connected  with  the  great 
mass  of  auriferous  gravels  which  disappear  beneath  the  same  lavas  at 
the  north  end  of  Mountain  Meadows.  This  correlation  is  practically 
demonstrated  by  a  comparison  of  their  floras. 

FLORA  OF  THE  FBEVOLGANIC  GBAVEL8. 

The  only  fossils  found  were  in  the  earlier  auriferous  gravels,  and 
collections  were  made  at  two  localities — one  near  the  eastern  end  of 
Moonlight  on  the  slope  toward  the  west  fork  of  Lights  Creek,  at  an 
elevation  of  about  6,000  feet,  the  other  three-fourths  of  a  mile  north 
of  the  road  summit  between  Taylorsville  and  Susanville,  at  an  eleva- 
tion of  6,000  feet  on  the  slope  of  Gold  Run,  and  about  7i  miles  south- 
west of  Susanville.     Fossils  were  collected  years  ago  from  the  same 

a  Jour.  Geology,  vol.  4, 1896,  p.  800.  ^  b  Am.  Ooologist,  vol.  15, 1895,  p.  373. 
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mass  of  gravel "  at  the  head  of  Mountain  Meadows  and  also  three- 
fourths  of  a  mile  north  of  the  Lights  Canyon  road  summit.  Plants 
from  both  these  localities  have  been  tabulat«d  with  the  later  collec- 
tions for  comparison  with  those  from  the  aiuiferous  gravels  of  the 
Sierra  Nevada  south  of  the  Taylorsville  region,  as  well  as  those  of  the 
lone  formation  on  Little  Cow  Creek  and  Kosk  Creek  of  Shasta  County. 
The  earlier  collections  examined  by  Professor  Lesquereux  have  been 
studied  by  Knowlton,  whose  determinations  are  given  in  the  follow- 
ing table,  which  contains  all  the  forms  thus  far  identified  in  the 
Taylorsville  region  and  in  the  lone  of  Shasta  County: 

Tertiary  fottiU  fiom  TaylortvilU  rtgion  and  ricinitg. 
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In  the  final  column  of  the  table  the  particular  locality  at  which  the 
species  has  been  found  is  indicated  by  figures.  1  =  Chalk  Bluff,  2  = 
Independence  Hill,  3  =  Table  Mountain,  4  =  Volcanic  Hill,  5  =  Rock 
Corral,  and  6  =  Monte  Cristo  mine,  Spanish  Peak.  The  fossils  from 
Little  Cow  Creek  and  Kosk  Creek,  lone  formation,  are  from  essen- 
tially the  same  mass.  The  same  is  true  also  of  the  three  localities  of 
the  Taylorsville  region.  For  purposes  of  comparison,  therefore,  the 
localities  noted  in  the  table  may  be  grouped  under  three  heads;  lone 
of  Shasta  County,  northern  end  of  the  Sierra  Nevada,  and  western 
slope  of- the  Sierra  Nevada. 

In  the  lone  of  Shasta  County  20  species  have  been  identified, 
and  of  these  18  have  been  recognized  in  the  earlier  gravels  of  the 
western  slope  of  the  Sierra  Nevada,  leaving  no  room  for  doubt  that 
the  two  formations  are  for  the  most  part  synchronous  in  origin. 

Twenty-seven  species  have  been  identified  in  the  gravels  of  the 
Taylorsville  region,  of  which  13  occur  in  the  gravels  of  the  western 
slope  of  the  range,  a  correspondence  which  is  sufficiently  marked 
to  show  that  the  gravels  of  the  two  regions  are  closely  related  in  age. 

AGE  OF  THE  PBEVOL€ANIC  AURIFEB0U8  GBAYELS. 

GENERAL  STATEMENT. 

The  age  of  the  auriferous  gravels  of  the  Sierra  Nevada  in  California 
is  generally  given  as  late  Miocene  or  Pliocene  and  is  based  chiefly  on 
fossil  plants  and  a  few  animal  forms. 

In  his  report  on  the  later  collections  of  fossil  plants  from  the  gravels 
of  the  Taylorsville  region  and  the  earlier  collections  from  the  lone  oj 
Shasta  County,  Knowlton  says  that  they  are  tjrpical  of  the  auriferoii^ 
gravels  and  nothing  in  the  collection  suggests  an  age  as  old  as  th% 
Eocene.  This  statement  does  not  apply  to  the  earlier  collection^:: 
determined  by  Lesquereux,  which  Knowlton  regards  as  of  greater  age. 

The  auriferous-gravel  period  in  all  probability  was  a  long  one,  and 
no  considerable  part  of  its  flora  has  yet  been  connected  directly  with 
its  contemporaneous  marine  fauna  of  the  same  region.  On  physio- 
graphic and  stratigraphic  grounds  and  the  general  relations  of  the 
Sierra  Nevada  to  sedimentation,  it  has  long  been  supposed  by  some 
geologists  that  the  oldest  auriferous  gravels,  the  deep  gravels  of 
Lindgren,  are  probably  Eocene,  but  the  evidence  assigned  is  jjrob- 
lematical  rather  than  positive. 

The  locality  7  J  miles  southwest  of  Susanville,  as  given  in  the  fore- 
going table,  is  essentially  the  same  as  the  one"  three-quarters  of  a 
mile  north  of  where  Light  Canyon  and  the  Susanville  road  cross  the 
summit.  The  small  lens  of  shale  from  which  the  plants  were  col- 
lected in  1886  was  exhausted,  but  another  shaly  lens  near  by  in  the 

a  Eighth  Ann.  Rept.  U.  8.  Geol.  Survey,  pt.  1, 1889,  p.  420. 
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same  conglomerate  furnished  the  material  collected  by  James  Storrs 
in  1904.  The  lenses  differ  lithologically  and  the  floras  are  different, 
but  they  are  reported  by  Storrs  to  be  in  the  same  mass  of  conglomer- 
ate and  therefore  of  essentially  the  same  age.  The  earlier  collection 
was  regarded  by  Lesquereux  as  Eocene.  * 

EOCENE   FLORA   OP  SOUTHWEST  OREGON. 

While  studying  the  Eocene  deposits  of  the  Rosebui^,  Coos  Bay, 
and  Riddles  quadrangles  in  Oregon  fossil  leaves  were  found  in  the 
same  strata  with  marine  shells,  affording  an  opportunity  to  definitely 
connect  the  land  flora  with  its  contemporaneous  marine  faima. 

The  following  list  of  10  species  embraces  the  Eocene  plants  identi- 
fied by  F.  H.  Knowlton  with  more  or  less  certainty  from  a  number  of 
localities  within  the  area  noted  above: 


^ll^Plgnolia  lanceolata  Lesq. 
Il^nolia  calif ornica?  Lesq. 
Launis  calif omica?  Lesq. 
Sabalites  calif omicus?  Lesq. 
Aralia  Whitneyi  Lesq. 


Populus  Zaddachi  Heer. 
Aralia  angustiloba?  Lesq. 
Juglans  califomica?  Lesq. 
Ulmus  califomica  Lesq. 
Ficus  tilisefolia?  Al.  Braun. 


Among  the  shells  found  with  or  near  the  fossil  leaves  Dr.  W.  II.  Dall 
has  recognized  over  20  genera,  and  remarks:  ^'The  fossils  are  Eocene. 
They  contain  a  number  of  interesting  things,  particularly  the  Orbito- 
lites,  which  is  usually  characteristic  of  the  Oligpcene  on  the  Atlantic 
coast  and  is  now  for  the  first  time  recognized  from  the  Pacific  coast.'' 

The  fossil  leaves  were  found  near  the  southeast  border  of  the 
Eocene,  where  shells  are  not  abundant,  but  a  short  distance  farther 
northeast  they  become  very  abundant  locally  with  such  characteristic 
forms  as  Venericardia  planicosta  and  TurriteHa  uvasaiui,  and  there 
is  no  doubt  concerning  the  Eocene  age  of  the  strata  containing  the 
fossil  leaves. 

Of  the  10  species  of  plants  identified  7  are  somewhat  in  doubt,  but 
3,  Magnolia  lanceolata^  Aralia  Whitneyi j  and  Populus  Zaddackij  are 
completely  satisfactory.  They  all  occur  in  the  auriferous  gravels  of 
Independence  Hill,  on  the  western  slope  of  the  Sierra  Nevada,  as  well 
as  on  the  summit  of  the  northern  end  of  the  range,  7^  miles  southwest 
of  Susanville.  The  last  species  occurs  at  many  other  localities, 
among  which  may  be  mentioned  the  lone  formation  of  Kosk  Creek 
and  Little  Cow  Creek  of  Shasta  County  and  the  auriferous  gravels 
of  Moonlight,  Chalk  Bluff,  and  Volcanic  Hill. 

Eight  of  the  10  species  reported  from  the  Eocene  of  Oregon  occur, 
according  to  Lindgren,  in  the  bench  gravels  of  Independence  Hill,  in 
California.  It  seems  probable,  therefore,  that  not  only  the  "deep 
gravels,"  but  also  the  "bench  gravels,''  both  of  which  belong  to  the 
prevolcanic  gravels,  may  be  of  Eocene  age.* 


a  Proc.  U.  S.  Nat.  Mus.,  1888,  vol.  11,  p.  28. 

.*  Proc.  Washington  Acad.  Bci.,  vol.  8, 1907,  pp.  405-406. 
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TOPOOBAPHY  OF  THE  AUBIFEBOUS^BATEL  PEBIOD. 

The  two  divides. — ^The  drainage  of  the  Taylorsville  region  during  the 
auriferous-gravel  period  clearly  supports  the  view  that  the  Sierra 
Nevada  was  then  a  conspicuous  range  of  mountains  with  two  divides 
at  the  north  end  separated  by  a  longitudinal  valley  draining  to  the 
north.  The  first  or  main  crest  represents  the  continuation  of  the 
great  divide  of  the  range  northwest  from  Castle  Peak  by  Sierra  Buttes 
and  Mount  Elwell  to  Spanish  Peak,  and  the  second,  as  shown  by 
Lindgren,  lies  farther  east  and  extends  north  toward  Honey  Lake, 
forming,  at  least  in  part,  the  east  front  of  the  range.  These  two  sum- 
mit crests  in  a  general  way  outlined  the  drainage  basin  of  Jura  River, 
which  flowed  north  between  them  to  the  estuarine  body  of  water  that 
probably  covered  a  large  part  of  the  Lassen  Peak  region  and  connected 
directly  with  an  arm  of  the  sea  in  the  Sacramento  Valley.  The 
estuarine-covered  portion  of  the  Taylorsville  region  was  apparently 
about  sea  level  during  the  gravel  period.  .     . 

Altitude  of  the  region. — ^The  flora  of  the  Taylorsville  region  during 
the  gravel  period  is  in  strong  contrast  with  that  of  the  same  region 
to-day,  and  supports  the  view  drawn  from  the  drainage  that  the 
northern  end  of  the  range  during  the  deposition  of  the  prevolcanic 
gravels  was  much  lower  than  now.  This  statement  is  not  intended  to 
apply  to  the  range  south  of  the  fortieth  parallel  for  the  streams  headed 
in  that  direction,  and  it  is  evident  that  the  range  there  had  greater 
altitude.  In  that  direction  Lindgren  has  shown  by  a  careful  study  of 
streafn  grades  that  since  the  gravel  period  the  summit  of  the  Sierra 
has  been  raised  with  reference  to  the  Sacramento  Valley  so  as  to 
increase  the  slope  to  the  southwest. 

Jura  River  VaUey. — Jura  River  headed  in  the  main  divide  and 
flowed  parallel  to  its  base  for  many  miles  before  turning  more  nearly 
north.  West  of  the  river  the  valley  had  a  short,  steep  slope  from  the 
main  crest,  while  on  the  east  there  was  a  long,  gentle  slope  to  a  distant 
crest.  The  paucity  of  gravels  on  the  slope  east  of  the  river  may  be 
taken  as  an  indication  of  the  smallness  of  the  streams  as  compared  with 
the  main  river  with  its  well-marked  gravel  course. 

Small  masses  of  gravel  containing  pebbles  of  lava  were  found  on 
Squaw  Creek  (PL  II),  near  Mapes,  4  miles  northeast  of  Chases,  and 
traces  occur  also  in  Red  Clover  Valley,  with  a  larger  mass,  of  lava  peb- 
bles only,  south  of  Genesee  Valley,  but  no  definite  evidence  has  yet 
been  reported  east  of  the  bed  of  Jura  River  to  indicate  the  former 
presence  in  that  region  of  an  important  contemporaneous  stream. 

Drainage  of  Sierra  VaUey. — No  definite  connection  has  yet  been 
traced  between  Jura  River  and  Sierra  Valley,  whose  records  of  the 
auriferous-gravel  period  are  concealed  beneath  a  cover  of  volcanic 
rocks  and  lake  beds.  Lindgren  has  traced  the  sunken  area  or  moat, 
as  he  appropriately  calls  it,  of  the  Lake  Tahoe  region  as  far  north  as 
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Sierra  Valley  and  suggests*  tliat  during  the  gravel  period  the  drain- 
age may  have  been  north.  So  large  an  area  would  give  rise  to  a  large 
stream  and  important  deposits  would  be  expected  to  record  its  course. 
A  suggestion  of  its  existence  may  probably  be  foimd  in  the  observa- 
tion of  Turner,*  who  reports  bowlders  and  pebbles  of  rhyolite  in  the 
auriferous  gravels  near  Cedar  Creek,  at  the  north  end  of  Mohawk  Val- 
ley lake  beds,  and  remarks  *'that  a  portion  of  this  gravel  is  of  later 
age  than  that  of  the  Haskell  Peak  channel,  which  is  capped  with 
rhyoUte.'' 

Uplift  in  gravel  ^period, — The  lower  portion  of  the  gravel  deposits  of 
the  main  area  in  the  Taylorsville  region  is  sand  and  the  upper  portion 
gravel,  often  coarse  and  containing  bowlders.  This  decided  and 
general  change  in  the  character  of  the  sediment  deUvered  by  Jura 
River  must  have  resulted  from  an  increase  of  grade  within  the  pre- 
volcanic-gravel  period,  a  change  which  imder  the  circumstances  points 
for  its  origin  to  a  rise  in  the  main  crest  of  the  range  about  Haskell 
Peak  or  farther  south. 

QUATERNARY. 

Gravels  of  Keddie  Ridge. — ^Three  miles  directly  east  of  Greenville,  on 
the  west  slope  of  Keddie  Ridge,  at  an  altitude  of  4,100  feet,  is  a  con- 
siderable body  of  well-roimded  gravel  forming  the  flattish  summit  of 
a  spur.  The  pebbles  are  chiefly  of  quartzite,  gray,  black,  and  rarely 
red  flinty  rocks  with  fragments  of  slate  and  granite,  and  a  few  are  of 
andesitic  lavas.  A  prospecting  shaft  has  been  sunk  20  feet  in  gravel 
and  sand  and  shows  the  pebbles  dipping  easterly  toward  a  gap  in  the 
Keddie  Ridge  through  which  the  depositing  stream  may  have  passed. 
The  deposit  is  about  50  feet  thick,  200  yards  wide,  and  nearly  half  a 
mile  long  in  the  direction  of  the  general  course  of  the  stream. 

Gravels  near  Greenville. — On  the  valley  border  1  mile  northeast  of 
Greenville  there  is  a  mass  of  gravel  exposed  along  the  road  for  over 
half  a  mile.  It  is  associated  with  soft  whitish  material,  which  maybe 
volcanic,  and  is  overlain  by  a  sheet  of  andesitic  lava  in  which  pyrox- 
ene is  the  characteristic  mineral.  The  two  masses  of  gravel  just  noted 
probably  belong  to  the  same  stream,  which  seems  to  have  flowed 
across  the  gap  of  Keddie  Ridge  from  the  region  of  the  head  of  North 
Arm,  and  may  represent  an  early  diversion  of  Jura  River.  Whatever 
may  have  been  its  source  the  topography  of  its  time  was  very  different 
from  that  of  to-day. 

North  Arm  pothole. — An  interesting  pothole  occurs  on  the  southeast 
side  of  North  Arm,  near  Mr.  Thompson's,  1  §  miles  northeast  of  Taylors- 
ville. The  waterwom  rock  is  the  Thompson  Umestone  about  100  feet 
above  the  level  of  the  adjacent  valley  border.     The  pothole  is  2§  feet 

/aTruckee  folio  (No.  39),  Geologic  Atlas  U.  8.,  U.  S.  Geol.  Survey,  1897,  p.  6. 
6  Seventeenth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  1, 18B6,  p.  611. 
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in  (Hameter  and  3  feet  deep  and  contains  a  lot  of  well-worn  gravel  at 
the  bottom  to  testify  in  a  very  satisfactory  maimer  to  its  origin. 
There  is  no  stream  near  it  now,  and  the  only  reasonable  explanation 
apparent  ascribes  it  to  the  North  Arm  stream  fashioning  the  slopes 
of  the  valley  at  that  level. 

SJioo  Fly  gravel  terrdces, — On  the  right  bank  of  Indian  Creek  below 
Shoo  Fly  there  are  terraces  ranging  from  300  to  600  or  more  feet 
above  the  stream.  Most  of  these  terraces  have  a  capping  of  rhyolite 
or  basalt,  and  some  have  traces  of  gravel,  but  no  large  body  of  gravel 
was  observed  anywhere  except  on  the  low  benches  near  the  present 
stream  level.  These  gravels  are  evidently  of  late  origin,  were 
deposited  by  Indian  Creek,  and  according  to  Lindgren  are  distinctly 
connected  with  the  Pleistocene  gravels  of  American  Valley. 

Glacial  moraines. — Glacial  phenomena  in  the  Taylorsville  region 
are  very  meager  and  confined  to  the  eastern  slope  of  Grizzly  Moun- 
tains. The  small  ravine  heading  against  the  northern  side  of  Tower 
Rock  had  sufficient  gathering  ground  at  an  altitude  of  7,500  feet  to 
give  rise  to  a  glacier  over  a  mile  in  length.  Its  morainal  deposits  are 
strewn  over  the  slope  from  6,000  down  to  nearly  4,500  feet,  where 
there  is  a  prominent  terminal  mass.  Higher  up  a  lateral  embank- 
ment is  well  marked  on  the  west  side. 

A  short  distance  farther  north  is  a  small  lake  due  to  a  small 
moraine  dam.  The  Devils  Punch  Bowl  is  an  excellent  example  of  the 
same  sort.  Crystal  Lake  of  Houghs  Peak  is  another  example,  and 
probably  also  Taylor  Lake,  near  Kettle  Rock. 

Valley  alluvium. — ^Valley  alluvium  is  the  sediment  which  fills  the 
valleys  and  makes  the  level  surface  of  Indian  Valley,  North  Arm,  and 
Genesee  Valley.  It  contains  some  gravel,  especially  where  streams 
enter  the  valleys.  Sand  is  more  widely  distributed,  but  silt  is  the  most 
common  material  and  makes  an  excellent  rich  soil  for  agriculture. 

The  depth  of  the  valleys  and  the  character  of  the  material  below 
is  not  known.  No  deep  borings  or  wells  have  been  made.  It  is  appar- 
ent, however,  from  the  occurrence  of  the  Mounds,  which  are  simply 
knolls  on  a  spur  from  Keddie  Ridge,  that  Indian  Valley  is  deepest 
on  the  western  side. 

IGNEOUS  ROCKS. 
GENERAL  ACCOUNT. 

The  igneous  rocks  of  the  Taylorsville  region  are  the  same  as  those 
of  the  Sierra  Nevada  south  of  the  fortieth  parallel,  which  have  been 
described  in  detail  by  Turner,  Lindgren,  and  Ransome  in  various  fohos 
and  special  papers.  This  renders  an  extended  treatment  of  them 
at  tliis  place  unnecessary. 

The  igneous  rocks  include  representatives  of  both  acidic  and  basic 
types,  some  intrusive  but  most  of  them  effusive,  and  are  scattered 


IGNEOUS  ROCKS.  81 

at  intervals  through  geologic  time  from  the  early  Silurian  to  the 
Quaternary.  The  Paleozoic  and  early  Mesozoic  igneous  rocks  of  the 
Taylorsville  region  are  chiefly  lavas  which  have  been  much  altered 
from  their  original  condition.  To  indicate  the  change  the  altered 
forms  are  designated  metarhyoUte  and  meta-andesite. 

The  earUest  eruptive  recognized  in  the  Taylorsville  region  is  the 
metarhyohte  at  the  base  of  the  Silurian  quartzite.  It  is  a  large 
mass  having  a  probable  thickness  of  over  1,000  feet.  This  was  suc- 
ceeded in  Carboniferous  time  by  extensive  eruptions  of  meta-andesite 
of  great  thickness,  separable  into  three  subordinate  masses,  Taylor 
meta-andesite,  Kettle  meta-andesite,  and  Reeve  meta-andesite,  each 
of  which  is  outlined  on  the  geologic  map. 

During  Jurassic  time  volcanoes  were  again  active  near  Taylorsville 
and  the  Fant  and  Hull  meta-andesites  were  erupted.  A  great  change 
took  place  about  the  close  of  the  Jurassic,  and  the  intrusive  rocks 
of  that  time  are  strongly  contrasted  with  the  earUer  lavas.  Instead 
of  metarhyohtes  and  meta-andesites  we  have  holocrystalhne  granu- 
lar rocks,  such  as  granodiorite,  serpentine,  pyroxenite,  and  various 
rocks  occurring  in  dikes.  The  Tertiary  volcanics  are  of  three  types, 
rhyolite,  andesite,  and  basalt. 

PRE-SILURIAN. 
METAEHYOLITE  (QUABTZ  POBPHYRY). 

General  description, — This  is  a  massive  gray  siliceous  rock  which 
generally  contains  phenocrysts  of  quartz  or  feldspar  embedded  in  a 
uniformly  fine,  compact  groundmass.  In  the  most  common  form 
on  the  slope  of  Grizzly  Mountains  phenocrysts  of  feldspar  are  absent, 
and  those  of  quartz  often  inconspicuous  or  absent,  but  elsewhere 
both  are  usually  abundant.  Flow  Unes  are  not  generally  present 
but  are  sometimes  conspicuous.  Part  of  the  mass  is  distinctly  frag- 
mental,  made  up  of  angular  pieces  of  metarhyoUte  cemente^l  by 
material  of  essentially  the  same  sort.  On  a  weathered  surface  the 
fragments  usually  become  much  lighter  than  the  true  interstitial 
material  and  make  the  brecciated  character  of  the  rock  conspicuous, 
and  it  appears  to  be  a  veritable  flow  breccia.  In  other  portions  there 
are  occasional  bright-red  fragments  of  various  shades  and  tints 
which  give  prominence  to  its  structure.  Some  of  the  fragments  are 
rounded,  suggesting  attrition,  while  others  are  amygdaloidal,  as  if 
originally  vesicular,  suggesting  volcanic  ejection,  though  no  positive 
fine  volcanic  tuff  was  discovered. 

Much  of  the  metarhyoUte  has  a  decided  schistose  structure,  wliich 
is  in  some  places  approximately  parallel  to  the  lines  of  flowage. 
On  the  lower  slope  of  Grizzly  Mountains  the  structure  is  very  well 

50007— Bull.  35a~08 6 
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developed  and  dips  to  the  southwest  parallel  to  the  flow  lines  and 
the  general  stratification  of  the  mountains.  That  this  structure  is 
due  to  compression  and  consequent  shearing  is  shown  by  the  fact, 
seen  under  the  microscope,  that  the  grains  of  quartz  are  crushed 
and  displaced  along  the  same  lines. 

Occurrence, — The  mass  designated  as  metarhyolite  is  complex, being 
made  up  of  surface  flows,  some  of  wliich  are  thoroughly  brecciated, 
intermingled  with  much  ejected  fragmental  material  spread  over 
the  country  before  the  deposition  of  the  Grizzly  formation. 

Relation  to  adjacent  rocks, — The  relation  of  the  metarhyoUte  to 
the  Grizzly  formation  is  of  greatest  importance  and  has  already  been 
considered  in  connection  with  the  quartzite.  The  pebbles  of  meta^ 
rhyoUte  in  the  overlying  quartzite  afford  definite  and  conclusive 
evidence  that  the  quartzite  was  deposited  upon  the  metarhyolite. 
The  original  surface  of  the  siUceous  lava  was  probably  very  rough 
and  irregular,  and  these  features  have  been  intensified  by  deforma- 
tion. On  the  lower  slope  of  Grizzly  Mountains  opposite  Huntington 
the  ancient  rhyohte  has  well-marked  fluidal  structure,  in  general 
parallel  to  the  surface  on  which  the  quartzite  was  laid  down  and 
subsequently  folded. 

After  determining  the  relation  of  the  metarhyolite  to  the  Silurian 
quartzite  it  is  easier  to  understand  its  relation  to  sediments  of  later 
age.  The  Taylorsville  formation,  like  the  Grizzly,  is  folded  or 
faulted  into  the  metarhyolite,  but  in  the  case  of  the  Arlington  and 
later  formations  the  sediments  overlie  the  metarhyolite  with  evi- 
dences of  less  subsequent  disturbance. 

Distribution, — Metarhyolite  is  especially  wel  developed  on  the 
eastern  slope  of  Grizzly  Mountains.  To  the  southeast  it  extends  as 
a  narrow  belt  for  11  miles  into  the  Downieville  region,  where  it  has 
been  recognized  by  Turner  as  made  up  of  volcanic  flows.  To  the 
north  and  northwest  from  Grizzly  Mountains  its  area  widens  so  as  to 
form  Keddie  Ridge  and  the  hills  between  Crescent  Mills  and  Green- 
ville and  beyond,  where  it  is  covered  by  the  later  formations.  It  is 
possible  that  the  igneous  rock  of  this  large  area  is  not  all  of  the  same 
age.  A  small  part  of  it  may  belong  to  the  rhyohte  erupted  at  the 
close  of  the  Jurassic,  and  occurring  as  dikes  in  the  earlier  form,  but 
the  close  similarity  between  the  two  rocks  rendered  it  impractica- 
ble to  separate  them  in  all  cases. 

CARBONIFEROUS. 
TAYLOR  META-ANDESITE. 

General  description, — This  rock  is  decidedly  green  and  is  generally 
designated  greenstone  by  the  miners.  Where  not  too  much  altered 
it  is  porphyritic  with  numerous  crystals  of  augite  and  occasionally 
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feldspar,  but  in  most  cases  the  porphyritic  structure  has  been  obscured 
in  the  development  of  an  imperfect  cleavage. 

Much  of  the  rock  has  a  decidedly  fragmental  structure,  which  is 
most  plainly  visible  on  a  weathered  surface.  The  fragments  in  some 
places  are  clearly  vesicular  and  show  that  the  fragmental  material 
is  really  tuffaceous  and  represents  explosive  volcanic  action,  but  it  is 
rarely  if  ever  a  coarse  agglomerate.  In  other  cases,  however,  vesic^ 
ular  fragments  are  few  or  absent  and  the  rock  passes  into  a  fine 
conglomerate.  The  matrix,  like  that  of  the  tuff  and  the  altered 
groundmass  inclosing  the  phenocrysts  of  augite,  is  composed  in  large 
measure  of  secondary  hornblende,  chlorite,  epidote,  and  quartz.  The 
Taylor  meta-augite  andesite  generally  has  an  imperfectly  developed 
slaty  structure  and  is  often  traversed  by  quartz  veins,  many  of  which 
follow  the  lines  of  cleavage.  Occasionally  the  rock  is  full  of  quartz 
amygdules,  which  stand  out  on  the  weathered  surfaces,  giving  the  rock 
the  aspect  of  a  quartz  porphyry. 

The  phenocrysts  of  augite  are  rarely  complete  crystals.  Some  of 
them  show  one  or  more  crystallographic  boundaries,  but  for  the  most 
part  they  are  fragments  of  crystals  irregular  in  putUne.  Many  of 
them  have  traces  of  a  lighter  colored  fringe  of  enlargement.  Pheno- 
crysts of  plagioclase  are  not  common  and  the  groundmass  is  generally 
so  altered  as  to  be  completely  replaced  by  epidote,  chlorite,  horn- 
blende, and  quartz,  but  where  preserved  it  is  made  up  of  minute 
elongated  crystals  of  feldspar  arranged  in  streams.  No  definite  trace 
of  diabasic  structure  was  found. 

Occurrence. — ^Taylor  meta-augite  andesite  occurs  in  irregular  sheets 
which  represent  lava  flows  from  ancient  volcanic  vents  intermingled 
with  clastic  material  blown  from  the  same  craters.  One  of  the 
best  localities  to  observe  the  relations  is  about  Taylor  Rock,  where 
the  tuffaceous  portion  is  well  exposed.  The  mass,  as  already  noted, 
generally  has  more  or  less  prominent  cleavage  planes  which  strike 
northwest  and  southbast,  parallel  to  the  general  strike  of  the  forma- 
tion, and  dip  to  the  southwest.  Owing  to  deformation  and  alteration 
the  position  of  the  lava  flows  and  tuffs  is  difficult  to  determine,  but 
generally  they  lie  in  sheets  approximately  parallel  to  the  stratification 
of  the  sediments  between  which  they  outcrop.  That  this  is  their  true 
position  can  be  best  determined  in  the  canyon  of  Indian  Creek,  between 
Shoo  Fly  and  Arlington  Bridge,  where  the  great  mass  of  meta-augite 
andesite  lava  and  tuff"  lies  conformably  between  the  Shoo  Fly  and 
Arlington  beds  and  dips  steeply  to  the  southwest. 

Distribution. — The  same  conclusion  may  be  drawn  from  its  general 
distribution  northwest  of  Houghs  Peak,  where  for  over  20  miles  it 
follows  along  the  strike  between  the  Shoo  Fly  and  Arlington  forma- 
tions. Southeast  of  Houghs  Peak,  however,  its  distribution  is  some- 
what less  regular.     It  breaks  across  the  older  strata,  sending  dikes 
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into  them  and  covering  them  in  a  broader  area,  which  extends  south 
of  the  fortieth  parallel  for  many  miles. 

A  second  and  much  smaller  area  lies  between  the  Peale  and  Robin- 
son fonnations,  crossing  Grenesee  Valley  a  mile  east  of  the  post-office. 
It  seems  most  probable  that  the  lavas  of  tliis  small  area,  though  of 
Carboniferous  age,  are  somewhat  younger  than  those  of  the  Taylor 
Rock  area.     The  Peale  fonnation  apparently  belongs  between  them. 

It  seems  most  probable  that  the  masses  of  meta-andesite  west  of 
Taylorsville,  as  well  as  that  of  the  mounds  in  Indian  Valley,  the  point 
northeast  of  Crescent  Mills,  and  the  larger  mass  of  Keddie  Ridge  and 
Keddie  Peak,  belong  to  the  Taylor  meta-augite  andesite.  Much  of  it 
is  like  the  Fant  meta-andesite,  to  be  described  presently. 

Relations  to  adjacent  formations  and  age. — In  considering  its  occur- 
rence emphasis  was  placed  on  the  fact  that  it  lies  between  the  Arling- 
ton and  Shoo  Fly  formations  and  would  therefore  appear  to  be  of 
contemporaneous  eruption  interstratified  with  Carboniferous  rocks. 
Dikes  have  been  found  running  off  from  the  main  mass  near  Taylor 
Rock  into  the  Arlington  formation,  but  not  into  the  overlying  beds 
to  the  southwest.  ^ 

KETTLE  META-ANDESITE. 

General  description, — The  principal  rock  included  under  this  desig- 
nation is  decidedly  porphyritic,  with  many  small  phenocrysts  of  feld- 
spar and  some  of  hornblende,  and  rarely  also  a  few  round  grains  of 
quartz.  These  are  embedded  in  a  reddish-brown  or  gray,  partially 
crystalline  groundmass,  containing  small  grains  of  plagioclase  and 
quartz.  This  form  is  most  abundant  on  the  prominent  spur  leading 
from  Peters  up  to  the  I^ucky  S  mine,  also  in  Homfels  Point  and  along 
the  east  slope  of  Wards  Creek. 

A  subordinate  but  still  abundant  rock  included  in  the  Kettle  meta- 
andesite  is  pale  greenish  gray  and  generally  nonporphyritic  except 
m  thin  section  under  a  microscope  where  phenocrysts  of  feldspar  are 
seen  altered  to  epidote  and  (luartz  and  embedded  in  a  fine  groundmass 
full  of  feldspar  microlites.  This  form  is  most  abundant  along  Peters 
Creek  and  in  the  neighborhood  of  Kettle  Rock.  Both  these  forms 
are  intimately  associated  with  fragmental  rocks,  mainly  tuffaceous, 
but  locally  passing  into  fine  conglomerate  and  sandstone. 

Occurrence^  -The  Kettle  meta-andesite  is  clearly  of  volcanic  origin, 
and  its  mass  is  made  up  of  an  extended  series  of  lava  flows  and  prod- 
ucts of  volcanic  explosions.  The  whole  mass  has  been  subject  to 
much  deformation,  so  as  Xo  obscure  the  original  structure,  but  the 
individual  sheets  of  lava  and  tuff  are  locally  still  visible  on  the  steep, 
rocky  canyon  slopes  of  Peters,  Surprise,  and  Lights  creeks. 

DistrUmtion. — A  small  area  lies  south  of  Genesee  Valley,  but  the 
maui  mass  extends  from  Homfels  Point  northwest  across  Peters 
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Creek  and  Lights  Creek  to  Moonlight  and  Mountain  Meadows,  where 
it  disappears  mainly  beneath  the  mass  of  Tertiary^  lavas  which  cap 
that  portion  of  the  range,  and  which  have  not  been  completely  mapped 
in  detail. 

Relations  to  adja^cerU  formatioris. — The  relation  of  the  Kettle  meta- 
andesite  to  the  Robinson,  Trail,  and  Foreman  formations,  as  shown  on 
the  map  (PL  III) ,  appears  at  first  glance  to  be  that  of  an  eruptive  includ- 
ing dislodged  masses  of  the  formations  named.  It  must  be  remem- 
bered, however,  that  of  all  the  included  masses  on  Ilosselkus  Creek, 
Peters  Creek,  North  Arm,  Lights  and  Surprise  creeks,  only  one,  that 
on  Peters  Creek,  contains  fossils,  and  they  are  in  all  probability  of 
Carboniferous  age.  It  is  evident,  therefore,  that  the  relation  of  the 
Kettle  meta-andesite  to  the  Carboniferous  sandstone  on  Peters  Creek 
is  the  most  important. 

The  Robinson  beds  of  the  limited  locality  on  Peter  Creek  are  red 
and  gray  tuffaceous  sandstones  with  marked  pencil  structure  and 
composed,  as  in  the  typical  Robinson  formation,  almost  exclusively 
of  particles  of  volcanic  rocks.  By  the  trail  they  dip  southwest  at  an 
angle  of  about  54°,  but  farther  north  they  appear  vertical  and  so 
grade  into  the  coarser  tuflFaceous  material  by  which  they  are  bounded 
in  all  directions  as  to  indicate  that  the  sandstone  in  question  is  a  part 
of  the  fragmental  material  of  the  great  mass  of  Kettle  meta-andesite, 
and  that  the  volcanic  eruptions  occurred  about  the  time  the  Robin- 
son formation  was  deposited — that  is,  in  the  late  Carboniferous.  It 
may  be  noted  here  that  in  the  Redding  region  of  Shasta  County, 
where  the  structural  relations  are  much  simpler,  there  are  great 
masses  of  volcanic  material  at  about  the  same  geologic  horizon. 

Tuffaceous  sandstones  were  found  at  a  number  of  localities  within 
the  Kettle  meta-andesite,  but  microscopic  sections  revealed  no  fossils. 
Some  were  not  marked  on  the  map,  but  others  were,  and  it  is  possible 
that  all  may  belong  to  the  Robinson  formation.  Tliis,  however,  does 
not  seem  probable  in  the  areas  marked  as  belonging  to  the  Trail  and 
Foreman  formations,  where  the  masses  are  large  and  the  lithologic 
resemblance  close  to  the  nearest  masses  of  sediments.  The  long, 
narrow  belt  of  the  Trail  formation  crossing  Homfels  Point  is  vertical 
and  appears  to  be  folded  or  faulted  down  into  the  meta-andesite.  In 
the  Surprise  Creek  areas  the  rocks  are  like  those  of  Evans  Peak  and 
have  a  gentle  dip  to  the  southwest  directly  into  the  meta-andesite, 
from  which  it  is  most  likely  separated  by  a  fault. 

On  the  north  side  of  Genesee  Valley  the  Kettle  meta-andesite  is 
converted  into  homfels  along  its  contact  with  the  granodiorite, 
showing  conclusively  that  the  meta-andesite  is  older  than  the  diorite. 
It  is  important  to  note  in  this  connection  the  occurrence  in  the 
tuffaceous  Kettle  meta-andesite  conglomerate  of  pebbles  of  red  jasper 
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and  of  a  reddish  granitic  rock.  The  latter  is  composed  of  red  ortho- 
clase  and  quartz  with  marked  graphic  texture  and  includes  a  few 
scalers  of  mica.  The  jasper  may  come  from  earlier  Carboniferous 
rocks,  but  the  source  of  the  other  is  unknown. 

REEVE  HETA-ANDESITE. 

General  description. — ^Whit«  crystals  of  plagioclase  are  plentifully 
scattered  in  a  compact  dark  groundmass,  giving  the  rock  a  conspicu- 
ous porphyritic  structure.  No  phenocrysts  of  augite  are  present, 
and  the  dense  groundmass  appears  largely  amorphous  and  is  full  of 
feldspar  microlites,  generally  without  any  definite  ferromagnesian 
siUcate.  In  one  case,  however,  the  groundmass  was  found  to  be  holo- 
crystalline  and  composed  of  many  ledge-shaped  crystals  of  plagioclase, 
with  grains  of  augite  and  magnetite  filling  the  angular  spaces  between 
them  as  in  diabase. 

Though  some  of  the  material  appears  to  be  a  solid  lava  flow,  much 
of  it  is  fragmental  yet  decidedly  porhpyritic,  and  distinguishable 
from  the  otlier  chiefly  by  the  fact  that  it  contains  a  variety  of  well- 
preiServed  fossils  and  grades  into  the  sandstone  of  the  Robinson  forma- 
tion. In  places  the  rock  has  be^n  so  squeezed  as  to  develop  a  slaty 
structure,  in  which  the  phenocrysts  of  feldspar  are  drawn  out  long  in 
the  plane  of  cleavage. 

Occurren-ce  ami  distribution, — It  occurs  as  a  definite  flow  and  tuff 
which  forms  a  long,  narrow  belt  running  northwest  from  Robinson's 
house  in  Genesee  Valley  and  bounded  on  both  sides  by  fossiliferous 
beds  of  the  Robinson  formation.  A  remarkable  expansion  of  this 
area  occurs  a  mile  northwest  of  Robinson's  and  is  succeeded  in  the 
same  direction  by  a  narrow  dikelike  mass  which  is  remarkable  for  its 
schLstosity,  suggesting  that  its  narrowness  is  due  to  compression. 

A  second  belt  similar  to  the  first  borders  the  Robinson  formation 
on  the  west,  but  its  long,  slender,  dikelike  south  end  does  not  quite 
reach  Genesee  Valley.  South  of  Genesee  Valley  a  small  area  of  the 
Reeve  meta-andesite  occurs  east  of  Wards  Creek. 

North  of  Indian  Vallev  four  areas  occur  (PI.  II)  which  have  not 
been  mapi>e(l  in  detail.  The  first  and  principal  area  is  a  long,  narrow 
belt  extending  northwest  from  near  the  Lucky  S  mine  to  Moonlight; 
the  second  is  at  the  head  of  Cooks  Canyon,  and  the  other  two  lie  on 
the  slopes  east  of  Mountain  Meadov^'s  in  line  with  the  principal  mass 

already  noted. 

Relation  to  ad jacent  formations  and  a^e. — The  intimate  association 
of  {\\Q^  lava  and  tuff  with  the  Robinson  formation,  into  which  the  tuff 
grades  as  well  as  the  fossils  contained  in  the  tuff,  fixes  the  age  of  the 
igneous  eruption  as  in  the  late  Carboniferous.  The  long  southern 
extremity  of  the  western  area  has  the  form  of  a  dike  cutting  the  earlier 
meta-augite  andesite,  which  may  belong  to  the  same  horizon  as  that  of 
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Taylor  Rock,  though  it  seems  to  be  somewhat  later  m  the  Carbonif- 
erous. These  horizons  of  vigorous  volcanic  activity  in  the  Car- 
boniferous correspond  closely  to  those  of  the  Redding  region  of 
Shasta  County  described  in  the  Redding  folio. 

The  relation  of  the  Reeve  meta-andesite  to  the  Kettle  meta-andesite 
is  not  clear,  though  it  appears  to  penetrate  the  volcanics  as  a  dike, 
indicating  that  the  Kettle  meta-andesite  is  the  older. 

JURASSIC. 
FANT  META-ANDESITE. 

General  description, — The  Fant  meta-augite  andesite  is  a  greenish 
to  reddish-brown  rock  which  is  more  or  less  porphyritic,  sometimes 
with  augite,  but  often  with  plagioclase  in  a  groundmass  made  up  of 
small  crystals  and  grains  of  feldspar,  augite,  and  magnetite,  and  gen- 
erally with  some  amorphous  matter.  Occasionally  it  is  conspicuously 
porphyritic  with  an  abundance  of  greenish  crystals  of  plagioclase 
in  a  reddish  groundmass.  When  the  phenocrysts  are  of  augite  they 
are  inconspicuous  in  a  greenish  groundmass.  The  most  abundant 
form  of  this  meta-augite  andesite  is  fragmental,  and  it  is  composed  of 
material  ejected  by  volcanic  eruption,  so  that  it  is  tuffaceous.  It  is 
generally  fine,  the  fragments  being  under  an  inch  in  diameter  and 
often  amygdaloidal. 

Occurrence  and  distribution, — The  Fant  meta-augite  andesite  occurs 
in  flows,  forming  with  its  associated  tuff  irregular  layers  parallel  gen- 
erally to  the  stratification  of  the  adjoining  sedimentary  rocks.  The 
flows  and  tuffs  being  irregular,  it  is  difficult  to  determine  their  general 
position,  but  where  best  exposed  they  dip  to  the  southwest. 

It  forms  a  broad  belt  extending  a  Uttle  west  of  north  from  the  lower 
slope  of  Grizzly  Mountains  across  the  western  slope  of  Mount  Jura 
to  North  Arm  of  Indian  Valley.  The  south  half  of  the  belt  is  narrow, 
but  the  north  half  is  A\4de  and  irregular. 

Relation  to  adjacent  formations  and  a^e. — ^Along  the  west  slope  of 
Mount  Jura  at  a  number  of  points  the  F^-nt  meta-augite  andesite  con- 
tains included  fragments  of  the  adjacent  Hardgrave  sandstone,  so 
there  is  no  reasonable  doubt  that  the  meta-augite  andesite  is  younger 
than  the  Hardgrave  sandstone,  though  in  the  overturning  of  the 
Jurassic  strata  on  Mount  Jura  the  Hardgrave  sandstone  was  placed 
on  top  of  the  meta-andesite. 

On  the  other  hand,  this  overturning  of  the  Jurassic  rocks  has 
brought  the  meta-andesite  on  top  of  the  Thompson  limestone.  At 
both  the  north  and  the  south  end  of  Mount  Jura,  as  well  as  on  its 
western  slope  directly  south- and  southwest  of  the  summit,  the  Fant 
meta-andesite  lies  between  the  Hardgrave  sandstone  and  the  Thomp- 
son limestone,  and  wliile  it  contains  fragments  of  the  former  the 
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contact  with  the  latter  is  such  as  to  show  the  deposition  of  the  lime- 
stone on  the  meta-andesite.  This  portion  of  the  meta-andesite  is  of 
volcanic  eflfusion  during  the  early  Jurassic  in  the  interval  between  the 
deposition  of  the  Hardgrave  sandstone  and  the  Thompson  limestone. 

HULL  META-ANDESITE. 

General  description. — ^This  greenish  to  reddish  meta-andesite  is  like 
the  Fant  meta-andesite  just  described,  though  the  fragmental  phase 
and  the  porphyritic  phase  rich  in  feldspar  phenocrysts  are  relatively 
not  so  abundant.  The  prevailing  type  is  greenish  and  essentially  non- 
porphyritic,  and  occasionally  in  the  Little  Grizzly  Creek  region  it  is 
decidedly  amygdaloidal. 

The  rock  in  general  is  only  partially  crystalline  and  is  made  up 
essentially  of  plagioclase  and  augite  or  their  alteration  products, 
chiefly  epidote,  chlorite,  and  some  quartz.  In  a  few  cases  it  was 
foimd  wholly  crystalUne,  with  the  angular  spaces  between  the  crystals 
of  plagioclase  filled  with  augite  and  magnetite  as  in  diabase.  In  a  few 
cases  also,  especially  in  the  dikes  cutting  the  metarhyoUte,  it  con- 
tains primarj^  granular  quartz  in  the  groimdmass  as  in  the  quartz- 
augite  diorites. 

Occurrence  and  distribution. — ^Much  of  it  is  in  more  or  less  well- 
defined  sheets  representing  lava  flows  and  tuff  and  is  exposed  in  the 
neighborhood  of  Little  Grizzly  Creek,  where  the  older  rocks  are 
generally  covered.  The  mass  which  splits  the  belt  of  Peale  beds 
southeast  of  Genesee  is  intruded  between  the  strata.  North  of  Indian 
Creek  the  mass  narrows  and  becomes  dikeUke.  It  is  decidedly  slaty 
and  near  the  divide  cuts  across  the  belt  of  Peale  beds  as  well  as  the 
later  formations  to  the  east.  More  definite  dikelike  masses  occur  on 
the  north  and  south  slopes  of  Mount  Jura,  and  it  is  possible  that  it 
occurs  also  as  dikes  within'  the  area  marked  as  Fant  meta-augite 
andesite  but  was  not  recognized.  Definite  dikes  occur  also  cutting 
the  metarhyolite  and  sedimentary  rocks  just  north  of  Tower  Rock 
and  elsewhere  along  the  slopes  of  Grizzly  Mountains. 

Relation  to  adjoint  formations  and  age. — The  fact  that  it  penetrates 
the  Mormon  sandstone,  and  especially  also  the  Foreman  be<ls  north- 
east of  Moimt  Jura,  indicates  that  its  eruption  took  place  after  the 
deposition  of  the  Foreman  formation  and  most  likely  near  the  close 
of  the  Jurassic. 

LATE  JURASSIC   OB   EARLY   CRETACEOUS. 

SERPENTINE. 

General  description. — Much  of  the  material  included  imder  this 
designation  is  typical  green  serpentine  which  readily  splits  up  into 
sUckensided  lenticular  pieces,  but  it  contains  nodules  and  large 
masses  of  a  prevailingly  dark  rock  with  the  texture  of  granite  but 


IGNEOUS  ROCKS.  89 

exceedingly  tough.  This  rock  is  enveloped  and  permeated  with 
serpentine  and  shows  the  rock  from  which  the  serpentine  was  derived 
by  alteration.  It  varies  greatly  in  composition.  The  most  abun- 
dant form  is  composed  almost  wholly  of  a  light-colored  pyroxene 
with  a  small  amoimt  of  dark-green  hornblende.  Occasionally  the 
hornblende  increases  and  plagioclase  appears,  so  that  the  rock  passes 
into  phases  related  to  gabbro  or  diorite,  though  it  is  for  the  most  part 
a  pyroxenite.  Serpentine  is  frequently  derived  from  peridotite — 
that  is,  a  rock  rich  in  olivine — but  in  the  serpentines  of  the  Taylors- 
ville  region  no  definite  trace  of  olivine  was  foimd. 

Distrihution,  relation  to  other  rocks,  and  age, — ^The  serpentine  of  the 
Taylorsville  region  occurs  in  irregular  stocks  like  that  of  Grizzly 
Mountains  and  Roimd  Valley  Reservoir,  but  may  be  elongated  Uke 
that  of  Montgomery  Creek  or  run  out  into  long,  narrow  dikes  like 
those  of  the  east  slope  of  Grizzly  Moimtains.  The  serpentine  inter- 
sects the  metarhyolite  of  Grizzly  Mountains  and  all  the  Paleozoic 
rocks  with  which  it  is  associated  in  the  Taylorsville  region,  but  does 
not  come  in  contact*  with  later  sediments.  On  the  other  hand,  the 
serpentine  is  cut  by  quartz  diorite  and  dikes  of  the  later  rhvolite, 
and  belongs  among  the  first  eruptions  of  the  late  Jurassic  or  early 
Cretaceous. 

OBA-NODIOKITE. 

Geiural  description, — The  rock  included  under  this  head  is  a  light- 
colored  and  for  the  most  ])art  medium-grained  rock  which  looks  like 
granite.  It  is  composed  cliiefly  of  plagioclase  feldspar  and  quartz, 
with  a  small  amount  of  dark-green  hornblende  and  black  mica  and  a 
trace  of  orthoclase,  magnetite,  pAToxene,  and  other  accessory  min- 
erals. One  of  the  best  exposures  of  this  rock  is  by  the  road  near 
Floumoy's,  at  the  head  of  Genesee  Valley.  At  different  localities 
the  relative  proportions  of  the  minerals  named  above  vary  greatly. 
The  rock  is  generally  quartz  diorite,  but  locally  the  orthoclase  may 
increase  and  the  rock  passes  into  granodiorite*.  Pyroxene  occasion- 
ally becomes  pronunent  near  the  borders  of  the  mass  and  the  rock 
passes  into  quartz-])yroxene  diorite,  a  good  example  of  which  occurs 
on  the  Cosmopolitan  mine  road,  2  miles  west  of  Floumoy's.  The 
abundance  of  pyroxene  and  the  almost  complete  absence  of  (juartz 
gives  this  finer  grained  rock  a  darker  color  than  that  of  Flournoy's. 
Another  variation  which  is  peculiar  in  containing  tourmaline  occurs 
south  of  Moonlight.  It  is  dark  colored  and  fine  grained,  with  con- 
siderable quartz  and  much  hornblende,  sometimes  grouped  so  as  to 
make  the  rock  dark  spotted.  The  dark-brown  tourmaline  is  not 
prominent  in  the  hand  specimen  but  becomes  so  in  tliin  section,  where 
the  crystals  are  seen  to  be  grouped  with  radial  arrangement. 

Occurrence  and  distribution. — The  quartz  diorite  and  granodiorite 
which  form  the  bulk  of  the  north  end  of  the  Sierra  Nevada  east  and 
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northeast  of  Genesee  Valley  are  part  of  the  great  mass  of  the  range 
farther  south.  Their  apparently  irregular  distribution  is  due  to  the 
partial  cover  of  Tertiary  volcanics.  Near  the  head  of  Mountain 
Meadows  is  a  mass  of  quartz  diorite,  which  is  separated  into  several 
areas  by  auriferous  gravel.  It  is  rich  in  quartz  and  hornblende,  and 
fine  grained  hke  that  along  the  western  border  of  the  great  mass 
about  Lights  Canyon.  Several  isolated  dikeUke  masses  occur,  one 
along  Houghs  Creek  southwest  of  Taylorsville,  between  the  Taylorsville 
and  Arhngton  formations,  and  another  northeast  of  Crescent  Mills, 
where  it  cuts  metarhyohte.  A  small  round  mass  cuts  the  serpentine 
southwest  of  Greenville,  and  a  similar  but  smaller  mass  occurs  near 
the  fortieth  parallel  in  the  Kettle  meta-andesite. 

Relation  to  adjacent  formations  and  age. — On  the  north  side  of 
Genesee  Valley  the  quartz  diorite  comes  in  contact  with  the  Swear- 
inger  slate,  the  Trail  formation,  and  the  Kettle  meta-andesite.  Along 
the  contact  the  quartz  diorite  has  locally  converted  adjacent  portions 
of  all  these  formations  into  dark  flinty  homfels,  which  is  abundant  in 
places  along  the  crest  of  Homfels  Point.  While  it  is  certain  that  the 
irruption  of  the  quartz  diorite  took  place  after  the  deposition  of  the 
Trail  formation>  its  relation  to  the  other  Jurassic  formations  in  the 
Taylorsville  region  could  not  be  determined.  In  the  Downieville 
region,  however,  Turner  has  shown  that  the  irruption  occurred  after 
the  deposition  of  the  Milton  formation,  which  is  equivalent  to  at 
least  part  of  the  Taylorsville  Jurassic. 

As  to  its  neighboring  igneous  rock,  the  quartz  diorite  is  clearly 
younger  than  the  Kettle  meta-andesite  and  the  metarhyolite  which  it 
intersects,  but  in  the  canyon  north  of  Round  Valley  Ileservoir  it  is 
cut  by  dioritic  dikes,  which  must  be  considered  the  younger. 

VABIOtS  DIKE  BOCKS. 

General  description. — The  most  common  dike  rock  varies  in  color 
from  light  gray  to  pale  green  and  reddish  brown.  Small  phenocrysts 
of  quartz  are  always  present,  but  it  is  rarely  porphyritic,  except  in 
the  reddish-brown  form,  which  is  full  of  phenocrysts  of  feldspar.  It 
is  rliyolite,  but  lacks  entirely  the  brecciated  feature  which  is  so  gen- 
erally prominent  in  the  metarhyolite,  and  in  but  few  locaUties  does 
it  show  fluidal  structure. 

Another  form,  wliich  has  no  quartz  phenocrysts  and  looks  much 
less  siliceous,  is  made  up  almost  wholly  of  plagioclase  and  green 
hornblende.  It  is  a  fine-grained  greenish  diorite.  The  occurrence 
and  distribution  of  the  rhyolite  will  be  considered  first  and  then  that 
of  the  diorite. 

Occurrence  and  distribution. — The  forms  are  distinct  dikes  and 
small  circular  or  angular  patches.  One  and  a  half  miles  west  of 
Greenville  there  are  a  number  of  dikes  running  a  little  west  of  north 
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through  a  small  area  of  banded  slates  belongmg  to  the  Taylorsville 
formation.  The  largest  of  the  dikes  is  about  75  feet  in  width,  but 
could  not  be  traced  more  than  a  mile  along  the  strike. 

From  Roimd  Valley  Reservoir,  about  one-third  of  the  way  down 
North  Canyon  to  Greenville,  the  granitic  rock  is  intersected  by  a 
dikelike  mass  of  rhyolite  nearly  100  feet  in  width.  It  forms  promi- 
nent cliffs  and  falls  along  the  stream.  Just  below  the  Phoenix  Mill 
the  dike  strikes  nearly  east  and  west.  Locally  the  rock  looks  like  a 
microgranite,  and  under  the  microscope  shows  remarkable  graphic 
intergrowths  of  quartz  and  feldspar. 

A  mile  and  a  half  west  of  Taylorsville  there  are  four  dikes  and 
irregular  patches  of  rhyolite  apparently  cutting  the  meta-augite 
andesite  and  Taylorsville  formation,  while  2  miles  south  of  Taylors- 
ville distinct  dikes  of  rhyolite  occur  in  serpentine. 

On  the  west  slope  of  Mount  Jura  there  are  a  number  of  small  masses 
of  rhyolite.  Those  associated  with  small  areas  of  Hardgrave  sand- 
stone have  been  derived  by  faulting  from  the  large  mass  to  the  west, 
but  some  of  the  others  appear  to  be  intrusive  in  the  meta-andesite. 
The  most  distinctive  mass,  nearly  circular  in  outline,  occurs  about  a 
mile  southwest  of  the  summit  of  Mount  Jura.  The  rock  is  reddish 
browTi  in  color  and  decidedly  porphyritic,  with  many  small  crystals 
of  feldspar  and  quartz.  The  quartz  is  rounded  and  embayed,  and 
the  feldspar  is  at  least  in  part  plagioclase  and  generally  much  altered. 
Microscopic  traces  of  altered  hornblende  are  scattered  through  the 
groundmass.  The  relations  of  this  mass  to  the  adjacent  meta- 
andesite  were  not  clearly  made  out,  but  it  is  believed  that  the 
rhyolite  penetrates  the  meta-andesite. 

A  short  distance  farther  south  is  a  dikeUke  mass  of  rhyolite  nearly 
a  mile  in  length.  The  rock  is  greenish  and  nonporphyritic,  like  the 
dikes  in  the  serpentine,  and  appears  to  hold  the  same  relation  to  the 
meta-andesite  as  the  porphyritic  type  just  noted. 

Half  a  mile  northwest  of  the  summit  of  Mount  Jura  is  a  mass  of 
rhyolite  cutting  across  a  belt  of  meta-andesite  that  intersects  the 
Mormon  sandstone,  and  near  the  center  of  section  24,  2\  miles  north- 
east of  Taylorsville,  is  a  small  mass  lying  between  the  Mormon  sand- 
stone and  meta-andesite.  A  third  mass,  about  a  mile  north  10°  east 
from  the  summit  of  Mount  Jura,  penetrates  the  Foreman  beds.  All 
three  masses  are  long  and  narrow  and  appear  to  be  dikes,  but  on  the 
divide  east  of  Mount  Jura,  at  the  head  of  Ilinchman  Ravine,  is  another 
circular  mass  similar  to  that  on  the  west  slope  of  Mount  Jura.  It 
penetrates  the  Peale  formation  of  Carboniferous  age  as  well  as  the 
associated  meta-andesite,  and  is  remarkable  locally  on  account  of  its 
distinct  fluidal  structure.  A  similar  mass,  holding  essentially  the 
same  relations  to  adjacent  rocks,  occurs  on  Little  Grizzly  Creek  near 
the  fortieth  parallel. 
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The  dikes  of  diorite  were  noted  in  the  canyon  north  of  Round 
Valley  Reservoir.  They  are  vertical,  range  from  5  to  10  feet  in 
width,  strike  nearly  north  and  south,  and  cut  directly  through  the 
lighter-colored,  coarser-grained  granitic  rock.  Their  relation  to  the 
dike  of  rhyolite  in  that  vicinity  was  not  satisfactorily  determined. 

Relation  to  adjacent  formations, — In  considering  their  occurrence 
and  distribution  the  relations  of  the  rhyohte  and  diorite  dikes  to 
adjoining  rocks  in  each  locality  were  brought  out,  and  they  appear  to 
intersect  sediments  belonging  to  Silurian,  Devonian,  Carboniferous, 
and  Jurassic  formations,  as  well  as  meta-andesite,  serpentine,  and 
granodiorite  among  igneous  rocks.  They  are  evidently  of  late 
Jurassic  or  eariy  Cretaceous  intrusion.  This  relation  to  sedimentary 
and  igneous  rocks  distinguishes  the  rhyoUte  dikes  from  the  meta- 
rhyoUte,  which  is  of  eariy  Paleozoic  volcanic  effusion. 

MIOCENE. 

BHYOLITE.  ^x 

General  description, — Rhyolite  is  a  siUceous  lava,  generally  ligh^ 
colored  or  brownish  and  more  or  less  porphyritic,  with  grains  of 
quartz  and  sometimes  with  scattered  crystals  of  feldspar  or  biotite; 
All  of  these  forms  occur  in  the  Taylorsville  region  in  the  small  areas 
on  the  ridge  west  of  Shoo  Fly  and  half  a  mile  south  of  Greenville. 
Perhaps  the  most  definite  rhyoUte  masses  of  the  Taylorsville  region 
are  tuffs  which  occur  in  the  auriferous  gravels  near  the  head  of  WU- 
lards  Creek,  10  miles  southwest  of  Susan ville.  They  are  grayish 
white  and  composed  almost  wholly  of  splinters  and  pumiceous  frag- 
ments of  volcanic  glass.  The  following  chemical  analysis  of  it  was 
made  years  ago  by  George  Steiger  and  published  in  United  States 
Geological  Survey  Bulletin  No.  228,  page  211: 

AnalysU  of  rhyolitic  tuff  from  Willards  Creeks  near  Sitsanville,  Cal, 


K,0 5.12 

HjOatlOO^ 2.37 

HaOabove  100° 4.68 

P2O, 04 

MnC) Trace. 


SiOa 70.01 

AI2O3 12.61 

FeA 1-47 

FeO 50 

MgO 72 

CaO 1.06 

Na,0 1.94  I  100.52 

Distribution  and  relations, — On  tlie  ridge  west  of  Shoo  Fly  are  two 
small  areas  of  rhyolite.  They  differ  somewhat  in  color,  yet  possibly 
belong  to  the  same  flow.  At  the  southern  locality  the  rhyolite  appar- 
ently overlies  gravel  and  is  itself  overlain  by  a  flow  of  basalt. 

South  of  Greenville  is  a  small  mass  elongated  nearly  north  and 
south  and  not  far  from  the  course  of  the  line  which  connects  the  other 
two  detached  masses.  It  is  possible,  but  not  probable,  that  all  these 
small  masses  are  remnants  of  the  same  flow. 
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Some  rocks  which  may  be  rhyolitic  were  noted  during  a  reconnais- 
sance along  the  road  in  Last  Chance  Valley  and  on  the  eastern  crest 
between  the  road  and  McKesick  Peak.  The  rock  is  generally  tuffa- 
ceous,  coarser  than  that  already  noted,  and  not  clearly  rhyolitic. 
It  lies  directly  on  the  granodiorite  and  is  overlain  by  basaltic  flows. 

South  of  the  fortieth  parallel,  in  the  region  mapped  by  Lindgren 
and  Turner,  rhyohte  and  rhyoHtic  tuff  are  more  abundant,  and  they 
directly  overlie  the  earlier  auriferous  gravel.  The  same  horizon  is 
probably  represented  by  the  rhyolitic  tuff  on  Willards  Creek,  which, 
on  account  of  the  smallness  of  the  area,  is  included  on  the  map 
(PI.  II)  in  the  auriferous  gravels. 

PLIOCENE. 
ANDE8ITE. 

General  description. — ^Andesite  is  a  lava,  usually  light  gray,  which, 
though  not  generally  porphyritic  in  the  hand  specimen,  becomes  more 
or  less  clearly  so  in  thin  section.  Crystals  of  plagioclase  are  numer- 
ous; those  of  hornblende,  biotite,  and  pyroxene  are  somewhat  less 
abundant  but  in  various  proportions.  The  felty  dark  gray  ground- 
mass  inclosing  the  phenocrysts  contains  many  minute  microlites  of 
feldspar  and  black  grains  of  magnetite  in  a  light-brown  glassy  base. 

In  some  cases  the  hornblende  phenocrysts  are  abundant,  sur- 
rounded by  dark  borders,  and  the  rock  is  a  typical  hornblende  andes- 
ite.  In  other  cases  hornblende  is  practically  absent  and  p}Tpxene 
is  the  characterizing  mineral.  All  these  forms  are  generally  accom- 
panied by  a  great  deal  of  andesitic  breccia  and  tuff  from  explosive 
volcanic  action. 

Occurrence  and  distribution, — It  occurs  in  sheets,  forming  a  blanket 
covering  the  older  rocks  around  the  volcanic  vent  from  which  the 
flows  and  ejected  material  issued.  There  were  many  vents,  and  the 
cover  was  continuous  over  a  large  part  of  the  region.  Erosion  has 
removed  the  cover  in  places  and  left  isolated  patches,  sometimes 
revealing  the  volcanic  necks  through  which  the  material  readied  the 
surface.  This  is  especially  the  case  in  Lone  Rock,  which  is  a  con- 
spicuous peak  surrounded  by  cliffs.  A  less  conspicuous  example 
occurs  in  Indian  Creek,  between  Lone  Rock  and  Thompson  Peak. 
Both  of  these  masses  are  of  hornblende  andesite,  closelv  related  to 
that  north  of  Kettle  Rock,  as  well  as  the  isolated  patches  near  Hos- 
selkus  Valley,  on  Homfels  Point,  and  on  the  divide  at  the  head  of 
Foremans  Ravine. 

The  andesite  by  the  chalybeate  soda  spring  near  ArUngton  Bridge 
is  black  and  breaks  with  very  irregular  fracture.  It  is  slightly  por- 
phyritic with  crystals  of  plagioclase  embedded  in  a  groundmass  full 
of  small  lath-shaped  feldspars  with  grains  of  augite  embedded  in  a 
dark  globuUtic  base.     The  lava  came  down  from  the  slope  a  short 
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dLstancc  south.  The  andesite  overhang  the  gravel  a  mile  northeast 
of  Greenville  is  much  richer  in  augite  and  poorer  in  amorphous  matter 
than  that  of  the  Arlington  spring.  Its  source  is  not  definitely  known, 
but  it  probably  issued  from  a  vent  at  the  southeast  end  of  the 
exposure. 

The  large  continuous  sheet  of  volcanic  rocks  along  the  fortieth 
parallel,  about  the  heads  of  Squaw  and  Last  Chance  creeks,  is  in  part 
hornblende  andesite,  wth  some  pyroxene  andesite  and  a  smaller  pro- 
portion of  basalt  and  rhyolite  which  has  not  been  mapped  separately. 

The  andesitic  tuff  and  breccia  which  form  Diamond  Mountain  are 
full  of  black-bordered  hornblende,  but  in  Red  Moxmtain  the  horn- 
blende has  largely  disappeared  and  the  prevailing  ferromagnesian 
silicate  is  pyroxene. 

The  area  between  MoonUght  and  Mountain  meadows  is  mainly 
hornblende  andesite  on  the  eastern  side  and  pyroxene  andesite  on  the 
western  slope,  though  the  two  are  intermingled.  The  same  is  true  of 
the  Cheney  Creek  area  and  the  small  area  north  of  Nanney,  but  the 
larger  mass  which  forms  the  end  of  this  part  of  the  Sierra  Nevada  is 
almost  wholly  pyroxene  andesite. 

North  and  east  of  Susan  Creek  much  of  the  country  has  not  been 
seen,  A  general  reconnaissance  was  made  by  J.  Stanley-Brown  in 
1890.  Hot  Springs  Peak,  an  old  volcano,  was  \4sited  and  is  known 
to  be  andesite,  though  the  rocks  about  its  north  base  are  basalt. 
Shaffer  Peak  is  supposed  to  be  of  the  same  character. 

Relation  to  adjacent  formations  and  age, — North  of  Kettle  Rock, 
about  the  head  of  one  of  the  tributaries  to  IJights  Creek,  the  ande^sitic 
breccia  overlies  auriferous  gravel,  and  the  same  is  true  north  of  Moon- 
light, where  the  auriferous  gravel,  firmly  cemented,  dips  westerly 
beneath  the  andesites  which  form  the  crest.  The  andesites  and 
andesitic  breccias  in  the  Taylorsville  region,  like  those  of  other  por- 
tions of  the  Sierra  Nevada,  overlie  the  earlier  auriferous  gravels. 

The  earlier  auriferous  gravels  contain  many  pebbles  of  igneous  rocks 
derived  in  large  measure  from  the  Paleozoic  and  Mesozoic  lavas 
already  described,  which  are  so  A\idely  distributed  about  the  north 
end  of  the  Sierra  Nevada.  The  early  gravels  contain  also  some  frag- 
ments of  lava  which  appear  less  altered  than  those  just  referred  to, 
but  exposures  of  such  lavas  were  not  definitely  recognized  and  dis- 
tinguished from  the  Tertiar}"  lavas  which  overlie  the  older  gravels. 

On  the  other  hand,  as  explained  under  ^^Auriferous  gravels,''  the 
later  gravels  overlie  andesitic  flows  and  are  composed  in  some  cases 
almost  wholly  of  andesitic  pebbles.  It  seems  evident,  therefore,  that 
the  eniptions  of  andesite  occurred  ^vi thin  the  gravel  period,  overflow- 
ing the  earlier  gravels  and  furnishing  the  material  for  the  later  gravels. 
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QUATEBNABY. 
BASALT. 

General  description, — ^Basalt  is  lava  which  is  generally  darker  col- 
ored, more  compact,  and  heavier  than  andesite,  and,  though  not 
plainly  porphyritic,  yet,  unlike  the  andesite,  it  frequently  contains 
visible  grains  of  yellowish-green  olivine.  In  thin  section  it  is  seen 
to  be  composed  chiefly  of  plagioclase  and  augite  and  a  smaller  pro- 
portion of  olivine  and  magnetite.  The  dark-gray  forms  are  holo- 
crystalline,  but  the  darker,  compact  ones  have,  besides  the  more  or 
less  abundant  crystals  of  plagioclase,  much  black  amorphous  matter 
instead  of  augite. 

Occurrence  and  distribviion. — Basalt  is  somewhat  less  abundant 
than  andesite  in  the  Taylorsville  region.  Like  andesite,  it  occurs 
generally  in  flows  about  a  volcanic  vent.  Mount  Ingalls,  just  south 
of  the  fortieth  parallel,  is  a  large  volcano  built  up  almost  wholly  of 
basalt.  Turner  has  shown  in  the  Downieville  folio  that  Mount  In- 
galls is  made  up  of  earUer  and  later  basalts,  separated  at  least  in  part 
by  a  mass  of  andesitic  tuff.  The  later  basalt  forms  the  bulk  of  the 
moimtain  and  extends  north  over  the  quartz  diorite  to  near  Grenesee 
Valley.  It  is  dark  gray,  holocrystalline,  and  rich  in  augite.  The 
earlier  basalt  appears  along  the  road  south  of  Floumoy's.  It  is 
black  and  compact  and  contains  much  amorphous  matter.  At  this 
point  the  two  basalts  are  not  separated  by  andesite,  and  they  are  not 
distinguished  on  the  map  of  the  Taylorsville  region  for  the  reason 
that  the  subdivision  of  earlier  and  later  can  not  be  applied  throughout 
the  region.  For  example,  the  youngest  basalt  of  the  region  is  a  flow 
which  followed  Susan  Creek  for  miles.  It  is  later  even  than  the  later 
basalt  of  Mount  Ingalls  and  yet*  most  like  the  older  basalt. 

One  of  the  finest  exposures  of  basalt  in  the  region  occurs  at  Thomp- 
son Peak,  opposite  Janesville.  The  eastern  slope  of  Thompson  Peak 
is  a  steep  bluff  exposing  a  succession  of  basalts  and  tuffs  in  layers 
from  5  to  30  feet  thick  dipping  gently  to  the  southwest.  The  ex- 
posed thickness  is  apparently  about  1,200  feet,  and  the  lower  flow 
in  contact  with  the  quartz  diorite  is  very  dark  and  compact,  like  the 
earlier  basalt  of  Mount  Ingalls.  Some  of  the  succeeding  layers  are 
vesicular,  rich  in  olivine  and  much  black  globulitic  base  instead  of 
augite.  The  summit  of  Thompson  Peak  is  of  holocrystalUne  basalt, 
with  considerable  olivine,  but  rich  in  augite  occupying  the  angular 
spaces  between  the  lath-shaped  crystals  of  plagioclase. 

Beneath  Thompson  Peak,  on  the  slope  toward  Janesville,  there 
are  numerous  dikes  of  basalt  cutting  the  diorite.  Some  run  nearly 
parallel  with  the  crest  of  the  range,  and  others  in  various  directions, 
f»  if  Thompson  Peak  were  a  volcanic  center  from  which  they  radiated. 
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have  followed  watercourses,  but  their  preservation  is  far  less  complete. 
Remnants  of  successive  flows  widely  separated  in  time  occur  in  the  Shoo 
Fly  region.  On  the  crest  of  the  spxir  west  of  Shoo  Fly  are  two  rem- 
nants of  an  old  basalt  flow  in  part  covering  rhyolite.  At  several 
lower  levels  are  lava-capped  benches  which  are  remnants  of  successive 
flows  that  have  occupied  the  bed  of  Indian  Creek  and  been  almost 
wholly  removed  by  erosion. 

STRUCTURE. 
GENERAL   STATEMENT. 

The  general  structure  of  the  Taylorsville  region,  as  far  as  its  sedi- 
mentary rocks  are  concerned,  is  shown  in  the  accompanying  (meas- 
ured) section  (fig.  11),  which  represents  a  tract  17  miles  in  length. 
Beginning  on  the  southwest,  at  an  elevation  of  3,100  feet  on  Spanish 
Creek,  it  crosses  Houghs  Peak  at  7,254  feet,  and  reaches  Indian 
Creek,  IJ  mile^  above  Taylorsville,  at  an  altitude  of  3,500  feet.  Con- 
tinuing in  the  same  course,  it  crosses  Mount  Jura  at  6,000  feet  about 
one-third  of  a  mile  south  of  the  summit.  The  upper  portion  of 
Hinchman  Ravine  and  other  small  ravines  are  crossed  to  reach  Hos- 
selkus  Oeek,  2}  miles  above  Genesee,  at  an  elevation  of  4,050  feet. 
Thence  the  section  passes  over  the  northern  portion  of  Homfels 
Point  at  an  elevation  of  6,500  feet  and  skirts  along  the  top  of  the 
southern  slope  of  the  moimtain,  whose  smnmit  is  3  miles  directly  north 
of  Floumoy's. 

The  strike  of  the  rocks  throughout  the  region  is  N.  5°  to  65°  W., 
and  the  dip,  with  rare  exceptions  in  the  Shoo  Fly  and  Foreman  forma- 
tions, is  toward  the  southwest  at  angles  varying  from  39°  to  75°. 

The  region  traversed  by  the  section  may  be  divided  into  three 
belts:  (1)  The  Mount  Jura  or  middle  belt,  chaTacterized  by  over- 
turned strata;  (2)  the  Grizzly  Mountains  or  west  belt,  in  which  the 
strata  are  not  overturned;  and  (3)  the  east  belt,  of  diorite,  which 
forms  the  eastern  part  of  the  range. 

MOUNT   JURA   BELT. 

The  Jurassic  strata  of  Mount  Jura  have  been  completely  over- 
turned. Their  general  dip  is  to  the  southwest.  The  Hardgrave 
sandstone  lies  on  top,  with  the  Thompson  limestone,  Mormon  sand- 
stone, Bicknell  sandstone,  Hinchman  tuff,  and  Foreman  beds  in  a 
descending  but  successively  younger  series  dipping  beneath  the  Hard- 
grave  sandstone.  This  order  of  superposition  is  well  exposed  on  the 
west  slope  of  Mount  Jura,  and  also  on  the  slope  toward  Hinchman 
Ravine.  The  formations  are  all  well  characterized  by  fossils.  As 
there  can  be  no  question  concerning  their  relative  age  determined  by 
Professor  Hyatt,  it  is  evident  that  they  have  been  overturned. 
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The  overturning  involves  also  the  Triassic  and  Carboniferous  strata 
east  of  Mount  Jura  on  Hosselkus  Creek,  where  the  Trail  beds  of  the 
Jurassic  dip  beneath  the  Swearinger  slate  and  Hosselkus  limestone  of 
Triassic  age,  and  these  in  turn  dip  beneath  the  Robinson  formation 
of  Carboniferous  age. 

The  belt  of  overturned  strata,  embracing  those  of  Mount  Jura, 
after  which  the  belt  is  named,  and  the  country  to  the  east  as  far  as 
Homfels  Point,  is  6  miles  in  width.  The  strata  involved  have  a  thick- 
ness of  about  9,000  feet.  All  of  the  strata  in  this  belt  are  overturned 
toward  the  northeast,  and  this  is  evidently  the  result  of  a  great 
thrust  from  the  southwest. 

GRIZZLY   MOUNTAINS   BELT. 

The  Grizzly  Mountains  belt  of  strata,  lying  southwest  of  Indian 
Creek,  is  over  12  miles  in  width  in  the  Taylorsville  region  and  extends 
beyond  its  limits.  The  oldest  strata,  those  of  the  Grizzly  formation, 
are  Silurian,  and  they  dip  to  the  southwest.  They  are  overlain  in 
regular  succession  by  the  Montgomery  limestone,  Taylorsville  forma- 
tion, and  Arlington  beds,  all  Paleozoic,  and  also  by  a  great  mass 
of  interbedded  volcanics,  succeeded  by  the  Shoo  Fly  formation  of 
Carboniferous  age.  The  whole  mass  has  a  thickness  of  over  14,000 
feet.  The  dip  between  Indian  Creek  and  Houghs  Peak  is  not  over 
45°,  but  west  of  the  volcanics,  in  the  Shoo  Fly  formation,  the  dip  is 
increased  and  may  be  reversed  to  a  limited  extent  by  local  causes. 
On  the  whole,  this  belt  is  strongly  contrasted  with  that  of  Mount 
Jura  in  that  the  sedimentary  rocks  of  the  Grizzly  Mountains  belt  are 
older  than  the  middle  Carboniferous,  are  only  moderately  disturbed, 
and  occur  in  regular  succession,  while  those  of  the  Mount  Jura  belt 
are  aH  younger  and  much  disturbed  with  interrupted  succession. 

GRIZZLY   MOUNTAINS   ANTICLINE. 

The  Grizzly  Mountains  belt  of  strata  dipping  to  the  southwest 
appears  to  be  one  arm  of  an  anticline  of  which  the  other  arm  has 
disappeared.  The  anticline  was  overturned  toward  the  northeast  by 
thrust  from  the  southwest.  Continued  thrusts  broke  the  arch  and 
gave  rise  to  an  overthrust  fault  on  which  the  southwest  arm  of  tlie 
anticline  appears  to  have  been  shoved  up  over  the  northeast  arm,  as 
shown  in  the  section  in  fig.  11.  This  movement  and  consequent 
erosion  brought  to  the  surface  the  metarhyolite  upon  which  the 
Hardgrave  sandstone  was  deposited  in  the  early  Jurassic. 

MOUNT   JURA    SYNCLINE. 

Adjoining  the  Grizzly  anticline  upon  the  northeast  is  the  Mount 
Jura  syncline,  a  region  of  subsidence  which  may  have  continued  an 
area  of  deposition  long  after  deposition  ceased  over  the  crest  of  the 
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Grizzly  arch,  and  thus  became  filled  with  strata  which  have  no  equiva- 
lents in  the  Grizzly  arch  or  on  the  southwest  slope  of  the  Sierra 
Nevada. 

The  earliest  evidence  of  this  sort  concerning  the  Mount  Jura 
syndine  is  the  presence  of  the  Robinson  formation,  which  is  the 
latest  Carboniferous  known  in  the  Sierra  Nevada,  and  which  lies 
northeast  of  the  main  crest  of  the  Sierra  Nevada  chiefly  in  the  Mount 
Jura  syncline,  and  indicates  that  the  Mount  Jura  s}aicline  may  have 
b^un  as  early  as  the  Carboniferous.  Later  the  same  region  of 
depression  received  an  extensive  series  of  Triassic  and  Jurassic 
deposits  not  found  west  of  the  main  crest  at  the  north  end  of  the 
range. 

The  thrust  from  the  southwest  which  overtume<^I  and  faulted  the 
Grizzly  arch  overturned  the  adjoining  arm  of  the  Mount  Jura  syn- 
cline.  In  Mount  Jura  and  the  country  to  the  east,  including  Homfels 
Point,  there  is  no  repetition  of  strata,  a  feature  which  indicates  that 
all  belong  to  the  southwest  arm  of  the  syndine,  for  all  are  included 
in  the  overturning.  The  relation  of  the  adjoining  portions  of  the 
Grizzly  anticline  and  the  Mount  Jura  syncline,  though  well  exposed 
in  the  line  of  the  general  section  (fig.  11),  may  be  seen  to  advantage 
2  miles  farther  southeast,  where  several  patches  of  Ilardgrave  sand- 
stone occur  on  the  lower  slope  of  Grizzly  Mountains. 

The  structure  of  the*  syncline  is  not  as  simple  as  it  was  formerly 
supposed.  The  irregularity  in  the  distribution  of  the  Carboniferous, 
Triassic,  and  Jurassic  \\atliin  the  syncline  may  be  attributed  to  the 
folding  of  the  Carboniferous,  and  later  of  the  Triassic,  before  the 
Jurassic  strata  were  deposited. 

The  entire  disappearance  of  the  Jurassic  portion  of  the  eastern 
arm  of  the  syncline  is  most  probably  due,  as  sho^Ti  in  the  section,  to  a 
large  amount  of  distributed  tlirust  faulting — the  Hull  fault,  that  gave 
rise  to  the  prominent  slaty  structure  in  the  mass  of  Hull  meta-iindesite 
which  separates  the  youngest  Jurassic  (1)  from  the  Carboniferous 
(11,  a).  This  igneous  rock  appears  to  have  been  intruded  diagonally 
into  the  syncline  and  afforded  a  plane  of  easy  displacement  to  relieve 
the  strain  in  that  greatly  compressed  mass. 

TAYLORSVILLE    FAULT. 

The  fault  developed  between  the  Grizzly  Mountains  arch  and  the 
Mount  Jura  syncline  lies  near  Taylorsville  and  follows  approximately 
the  eastern  border  of  the  metarhyolite  from  the  lower  slope  of  Grizzly 
Mountains  through  the  canyon  of  Indian  Creek  above  Taylorsville 
and  along  the  eastern  slope  of  Keddie  Ridge,  as  indicated  on  PI.  III. 
The  metarhyolite  a  mile  northeast  of  Taylorsville  is  greatly  crushed 
and  evidently  marks  the  course  of  the  fault. 
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This  fault  appears  to  hare  been  a  line  of  dis{dacemeiit  during  the 
latter  portion  of  the  Carboniferous  and  to  hare  aided  in  large  measure 
in  bringing  the  metarhjolite  to  the  surface,  so  that  in  the  Jaraasic 
the  Hardgrave  saiulstone  was  deposited  on  the  same  rock  wiiich 
receiverl  the  Grizzlr  quartzite  in  the  Silurian- 
It  was  motion  along  essentiallr  the  same  narrow  zone  that  folded 
anrl  overturned  the  strata  in  the  Mount  Jura  srncline.  Of  this  there 
Is  proof  in  the  southern  slope  of  Mount  Jura,  where  the  HardgraTe 
fian^Lstone,  Thompson  limestone,  and  Mormon  sandstone,  with  the 
a.ss^Kriate<l  metarhvolite  and  Fant  meta-augite  andesite,  are  repeated 
by  a  fault  in  the  same  order  and  position.  This  displacement  fol- 
lower] the  overturning,  for  the  fault  enters  the  overturned  beds  and 
shovffs  them  along  farther  in  the  same  <lirection. 

The  hade  of  the  Taylorsville  fault  appears  to  be  about  the  same  as 
the  west  slope  of  Mount  Jura,  where  some  faulted  masses  cling  to  the 
slope  dipping  southwest  into  the  base  of  Grizzly  Mountains,  but 
toward  the  summit  of  Mount  Jura  the  fault  plane  enters  the  mountain 
and  passes  through  to  the  other  side,  emerging  at  the  base  of  the 
Mormon  sandstone.  The  faulted  mass  is  over  2  miles  in  length  and 
half  a  mile  in  width,  and  much  lower  at  the  southern  than  at  the 
northern  end. 

Tlie  amount  of  displacement  on  the  Taylorsville  fault  near  the  close 
of  the  Paleozoic  may  have  been  great,  but  no  data  are  available  for 
its  estimation.  As  to  the  post-Jurassic  faulting  along  this  line,  the 
amount  can  be  measured  in  miles,  for  a  large  part  of  the  movement 
was  involved  in  the  overturning,  and  after  the  overturning  was  com- 
plete the  movement  on  the  fault  was  about  a  mile. 

The  Taylorsville  fault  does  not  extend  far  southwanl.  No  move- 
ment in  its  line  was  detected  by  Turner  south  of  the  fortieth  parallel, 
and  it  Is  of  importance  to  note  that  in  the  Do\niieville  quadrangle  all 
the  Jurassic  strata  lie  east  of  the  axial  line  of  the  Grizzly  anticlinal, 
and  what  is  of  greater  significance  is  that  they  all  dip  to  the  east ;  that 
is,  the}'  have  not  been  overturned  like  those  of  the  Taylorsville  region. 
Near  the  fortieth  parallel  an  ancient  stream  bed  of  auriferous  gravel 
crossed  the  line  of  the  fault,  but  has  suffered  Uttle  if  any  dislocation 
at  that  point,  though  elsewhere  in  the  same  region  there  has  been 
extensive  faulting  since  the  gravel  period. 

HULL    FAl'LT. 

The  Hull  fault  is  a  branch  of  the  Taylorsville  fault  and  circum- 
wribes  the  mass  of  Mount  Jura  on  the  east.  It  follows  the  Hull 
meta-andesite  throughout  the  greater  part  of  its  course  from  the 
fortieth  parallel  northwest  to  North  Arm.  The  fault  adjusts  the 
overturned  Jurassic  strata  on  the  west  to  the  Carboniferous  on  the 
(iBBi  and  is  expressed  in  the  decided  slaty  structi^^  of  the  Hull 
meta-andesite. 
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HONEY   LAKE    FAULT. 

In  the  neighborhood  of  Honey  Lake  the  Sierra  Nevada  is  bounded 
on  the  northeast  by  a  prominent  escarpment  due  to  faulting.  The 
escarpment,  about  2,000  feet  in  height,  is  composed  of  quartz  diorite, 
which  is  overlain  on  the  crest  by  auriferous  gravel  with  a  local  capping 
of  andesitic  breccia  in  Diamond  Mountain,  as  illustrated  in  fig.  10. 
Lava  and  gravel  similar  to  those  of  the  summit  are  found  locally  along 
the  foot  of  the  escarpment,  but  in  most  places  they  are  covered  by 
later  deposits.  Following  the  escarpment  northwest  to  Gold  Run, 
where  the  wagon  road  crosses  the  range,  the  gravel  is  found  to  be 
firmly  cemented  and  bent  down  over  the  eastern  slope  of  the  range  so 
as  to  connect  that  of  the  mountain  crest  and  foot.  The  escarpment 
ends  at  this  point  and  the  fault  by  which  it  was  produced  passes  into 
a  monoclinal  fold.  The  fold  continues  to  the  northwest  in  the  old 
lavas  of  the  region  for  about  12  miles  and  then  disappears  beneath 
the  newer  lavas  from  the  vicinity  of  Lassen  Peak. 

From  the  fact  that  the  Honey  Lake  fault  passes  into  a  monoclinal 
fold,  it  is  evidently  a  normal  fault  and  strikingly  unlike  the  Taylors- 
ville  fault.  The  total  displacement  of  the  Honey  Lake  fault  is  at 
least  2,000  feet  and  may  be  somewhat  greater,  and  it  is  clearly  later 
than  the  auriferous  'gravels  and  andesitic  flows  of  the  Diamond 
Mountain  region. 

To  the  southeast,  as  shown  in  PI.  I,  the  Honey  Lake  fault  extends 
through  a  portion  of  Long  Valley  into  Nevada,  where  it  apparently 
turns  more  to  the  south  and  possibly  connects  more  or  less  directly 
with  the  main  fault  along  the  east  front  of  the  Sierra  Nevada,  which 
Lindgren  has  traced  as  far  north  as  Reno. 

In  the  Truckee  region  Lindgren  has  recognized  three  faults,  approxi- 
mately parallel.  The  main  fault,  the  one  just  referred  to,  lies  close 
along  the  eastern  front  of  the  range  from  Markleeville  to  Reno?  The 
other  two  (see  PI.  I)  are  farther  west,  one  on  either  side  of  Lake 
Tahoe,  and  bound  the  sunken  area  or  moat,  as  Lindgren**  appropri- 
ately designates  it,  which  extends  as  far  northwest  as  Sierra  Valley. 
East  of  liake  Tahoe  is  a  prominent  ridge  or  '* buttress"  which  extends 
up  between  the  Tahoe  moat  and  the  sunken  region  of  the  Great  Basin. 

According  to  Lindgren,  these  faults  were  formed  during  the  early 
Cretaceous.  On  the  eastern  fault  there  was  a  displacement  of  3,000 
feet  in  the  early  Cretaceous,  followed  at  the  close  of  the  Miocene  by  a 
displacement  of  2,000  feet.  This  final  movement  in  all  probability 
was  contemporaneous  with  the  faulting  along  Honey  Lake. 

It  is  probable  that  movements  along  that  fault  have  taken  place 
in  recent  times,  if  earthquakes  may  be'  accepted  as  evidence  in  that 
direction.     A  few  years  before  1885  there  were  a  number  of  small 

^  Jour.  Geology,  vol.  4, 1886,  p.  895. 
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earthquakes  whose  region  of  greatest  intensity  lay  along  the  foot  of 
the  Honey  Lake  escarpment,  particularly  at  Janesville,  where  objects 
were  tlirown  from  the  walls  and  mantles  in  dwellings  and  chimney 
tops  were  overthrown.  Although  the  earthquakes  were  probably  due 
to  slight  movement  along  the  old  fault  plane,  yet  no  fissures  were 
visible  on  the  surface,  as  was  the  case  along  Inyo  Valley  after  the 
great  earthquake  of  1872. 

MOHAWK   VALLEY   FAULT. 

The  fault  along  the  west  side  of  Lake  Tahoe  (PL  I)  Lindgren  has 
traced  northwest  from  Mount  Tallac  by  way  of  Donner  Lake,  Lake 
Independence,  and  Webber  Lake  up  toward  the  southwest  comer  of 
Sierra  Valley  and  Mohawk  Valley,  where  it  has  been  studied  in  detail 
by  Turner,  who  remarks  in  the  Downieville  foUo  that^ — 

The  best  e\*idence  that  a  great  displacement  has  occurred  here  in  Tertiary  time  con- 
sists of  the  presence  of  river  gravels  on  the  high  plateau  to  the  west.  At  one  point 
about  2  J  miles  northwest  of  Haskell  Peak  there  is  a  hea\y  mass  of  well-roimded  gravel 
at  the  ver>'  edge  of  the  escarpment,  and  a  considerable  portion  of  this  mass  has  by 
gravity  traveled  down  the  slope,  so  that  the  apparent  thickness  of  the  deposit  is  about 
500  feet.  To  the  northeast  and  west  of  Haskell  Peak,  and  also  close  to  the  edge  of  the 
escarpment,  are  smaller  maaees  of  similar  gravel,  all  of  them  capped  with  rhyolite  and 
all  at  an  elevation  of  about  7,000  feet.  It  is  e\'ident  that  we  have  here  remnants  of 
an  old  river  deposit  formed  by  a  stream  flowing  at  a  moderate  grade.  It  is  not  likely 
that  such  a  stream  could  have  existed  along  the  edge  of  a  plateau  ha\'ing  a  steep 
escarpment.  There  can  be  no  reasonable  doubt  that  since  these  gravels  were  deposited 
a  profound  displacement  has  occurred,  in  virtue  of  which  that  portion  of  the  former 
plateau  hdng  to  the  east  of  the  present  escarpment  has  dropped  down  2,000  or  more 
feet  and  now  lies  buried  beneath  the  sediment  of  the  former  Mohawk  Lake  and  beneath 
the  Tertiarv'  lavas. 

An  earthquake  occurred  in  this  valley  in  1S76,  wliich  resulted  in 
forming  a  fissure  2  feet  wide  and  invitjorating  a  number  of  hot  springs 
along  the  line  of  the  former  fault. 

Northwest  of  Mohawk  Valley  Turner  has  found  fault  scarps  at  a 
numl)er  of  jK)ints,  but  especially  along  Spring  Garden  Creek  and 
farther  west  along  the  base  of  Spanish  Peak  in  Meadow  Valley,  where 
there  api>ears  to  have  Inn^n  a  displacement  of  3,000  feet  since  the  depo- 
sition of  the  auriferous  gravels.  This  fault  has  l)een  referred*  to  as 
the  American  Valley  fault.  Continuing  northwest  in  the  line  of  the 
faulting  across  North  Fork  of  Feather  River.  alH)ut  the  head  of  Chip 
Creek,  several  faults  occur  in  the  lavas  of  the  I.*assen  Peak  region. 
Forty  miles  farther  northwest,  in  the  same  line  which  passes  to  the 
west  of  Lassen  Peak,  a  low  arch  in  (he  older  riH*ks  comes  out  from 
under  the  lavas  and  crosst\s  Pit  Kiver  into  the  Klamath  Mountains 
alxnit  20  miles  northeast  of  Uedding.  This  line  of  displacement 
appears  to  1h^  the  one  coivnecteil  witlv  the  main  crest  of  the  Sierra 
Nevada,  and  its  intluence  was  felt  in  the  Klamath  Mountains. 
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The  length  of  this  faulted  belt  (shown  in  PL  I)  from  Lake  Tahoe  to 
beyond  Spanish  Peak  is  over  50  miles,  and  to  Pit  River  nearly  as  far 
again.  Though  a  definite  fault  line  can  not  be  traced  all  the  way, 
there  are  places  where  it  is  evident.  In  the  Lake  Tahoe  region,  as 
shown  by  Lindgren,  the  faulting  on  this  line  occurred  chiefly,  if  not 
wholly,  in  the  early  Cretaceous,  but  in  Mohawk  Valley  and  farther 
northward  the  faulting  appears  to  have  been  chiefly,  if  not  wholly, 
later  than  the  gravels.  The  arch,  which  in  the  Redding  folio  is  called 
the  Copper  City  arch,  is  bordered  by  fossiliferous  rocks  which  show  it 
to  have  been  formed  after  the  Chico  and  before  the  lone.  It  is  likely, 
therefore,  that  the  early  Cretaceous  movement  which  Lindgren  recog- 
nized about  Lake  Tahoe  reached  the  Klamath  Mountains  about  the 
close  of  the  Cretaceous,  but  that  the  greatest  amount  of  displacement 
along  that  line  in  the  north  end  of  the  Sierras  took  place  after  the 
earlier  gravel  period. 

INDIAN    VALLEY   FAULT.* 

Having  traced  the  Honey  Lake  fault  from  its  north  end,  where  it 
passes  into  a  monoclinal  fold,  southeast  to  the  neighborhood  of  Reno, 
and  the  Mohawk  Valley  fault  from  Lake  Tahoe  to  the  lavas  of  Las- 
sen Peak  and  beyond  to  the  Klamath  Mountains,  let  us  turn  our 
attention  to  the  line  of  faulting  that  lies  between  the  two  already 
noted. 

Lindgren  has  traced  a  fault  from  the  eastern  side  of  Lake  Tahoe 
northwest  across  the  Truckee  into  the  divide  which  bounds  Sierra 
Valley  on  the  south.  The  divide  is  of  volcanic  rocks,  which  Lindgren 
regards  as  younger  than  the  fault  and  which  obscure  its  topographic 
features.  No  definite  trace  of  the  fault  was  seen  about  Sierra  Valley, 
though  it  may  cross  in  the  vicinity  of  Loyalton  and  Beckwith,  for 
continuing  northwest  beyond  Sierra  Valley  we  come  to  Grizzly  Valley, 
which  is  in  line  with  Indian  Valley,  where  we  find  in  the  strong  con- 
trast of  the  two  sides  of  the  valley  decided  evidence  of  faulting.  On 
the  south  side  are  the  bold  bluffs  of  Arlington  Heights  and  Houghs 
Peak,  which  expose  the  ends  of  a  thick  series  of  sediments  dipping  to 
the  southwest,  while  on  the  opposite  side  beyond  the  valley  is  a  gentle 
slope,  whose  topographic  features  run  beneath  the  north  edge  of  the 
valley.  The  Mounds  of  Indian  Valley  are  knolls  which  occur  on  a 
spur  that  runs  out  under  the  valley.  The  knolls  are  sufliciently 
prominent  to  rise  above  the  floor  of  the  valley.  They  are  completely 
surrounded  by  alluvium,  but  clearly  belong  to  the  spur  on  the  adja- 
cent side  of  the  valley  and  show  that  the  deep  side  of  the  valley  is  on 
the  south,  under  the  prominent  bluffs.  The  fault  is  a  short  one 
between  Taylorsville  and  Crescent  Mills  and  possibly  around  to  Green- 
ville. The  amount  of  displacement  is  small.  No  definite  trace  of 
this  fault  has  been  found  in  the  canyon  of  Indian  Creek  above  Taylors- 
ville, where  the  effects  of  the  Tavlorsville  reverse  fault  are  in  evi- 
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dence.  The  absence  of  the  Arlington  beds  on  the  metarhyolite  north 
of  the  valley,  as  explained  on  page  100,  is  in  large  measure  due  to  pre- 
Jurassic  erosion.  The  Indian  Valley  fault  is  normal,  like  that  of 
Honey  Lake  and  Mohawk  Valley,  and  is  not  to  be  confused  with  the 
Taylorsville  reverse  fault  of  the  same  region. 

Northwest  of  Indian  Valley,  at  the  lower  end  of  Big  Meadows  and 
Mountain  Meadows,  the  rocks  of  the  Taylorsville  region  pass  beneath 
the  cover  of  Miocene  lavas  from  the  volcanic  center  about  Lassen 
Peak.  North  of  Prattville,  along  the  northeast  edge  of  Big  Meadows, 
there  is  a  prominent  lava  bluff  due  to  faulting.  Along  Rock  Creek 
and  also  along  Warner  Creek  of  the  same  region,  as  shown  in  PI.  I, 
similar  bluffs  occur,  all  approximately  parallel  and  facing  the  south- 
west. Thev  are  due  to  faults  and  have  been  traced  about  a  dozen 
miles  running  nearly  N.  30°  W.  in  line  with  the  faulted  belt  we  have 
traced  from  I^ake  Tahoe  by  way  of  Grizzly  and  Indian  valleys.  Con- 
tinuing to  the  northwest,  the  same  line  passes  east  of  Lassen  Peak  in 
the  vicinity  of  the  Snag  Lake  cinder  cone  to  the  prominent  fault 
scarp  known  as  Hat  Creek  Hill.  It  faces  th^  southwest.  The  throw 
at  the  south  end  is  over  600  feet,  but  it  decreases  to  the  northwest, 
and  the  fault  continues  for  over  20  miles  to  near  Pit  River. 

The  faults  of  the  Indian  Valley  belt  in  the  Lassen  Peak  region  are 
remarkable  not  only  for  their  extent,  but  also  from  the  fact  that  they 
have  the  downthrow  on  the  southwest  side  and  are  of  post-Miocene 
age. 

Along  Indian  Valley  the  fault  may  be  of  about  the  same  age,  but 
the  throw  is  in  the  opposite  direction.  In  the  vicinity  of  Lake  Tahoe, 
as  Lindgren  has  shown,  there  was  little  or  no  movement  at  thje  close 
of  the  Miocene.  The  faulting  in  that  region  occurred  in  the  early 
Cretaceous,  with  the  downthrow  on  the  southwest,  similar  to  that  in 
the  Lassen  Peak  region  and  the  reverse  of  that  in  Indian  Valley. 

GEOLOGIC   HISTORY  OF  TAYLORSVILLE  REGION, 

PRE-SILURIAN. 

What  was  happening  in  the  Sierra  Nevada  region  during  the  long 
eons  of  the  early  geologic  time  is  not  yet  fully  made  out.  The 
record  is  fragmentary  and  complex.  During  Cambrian  time  it 
appeai-s  °  that  a  mountain  range  may  have  occupied  approximately 
the  position  of  the  Sierras  and  limited  on  the  west  the  tliick  deposits 
of  Cambrian  strata  laid  down  in  the  Great  Basin  region.  Though  it 
is  known*  that  Cambrian  strata  extend  into  the  Sierra  Nevada  west 
of  Mono  Lake,  they  do  not  outcrop  in  the  Taylorsville  region,  where 
all  the  rocks  are  of  later  age. 


^aBoll.  U.  S.  Qeol.  Survey  No.  208, 1903,  p.  218. 
b  BuU.  U.  8.  Geol.  Sur\'ey  No.  81, 1801,  p.  364. 
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The  earliest  scene  drawn  directly  from  the  records  of  the  Taylors- 
ville .  region  is  one  of  decided  volcanic  activity,  during  which  the 
metarhyolite  found  its  way  to  the  surface,  but  the  extent  of  the 
volcanic  eruptions,  whether  on  land  or  on  sea,  and  their  exact  geo- 
logic date  are  matters  of  conjecture,  except  that  they  are  older  than 
the  adjacent  Silurian  strata. 

SILURIAN. 

The  Silurian  record  began  over  the  northern  end  of  the  Sierra  on 
the  sea  floor  with  the  deposition  of  fine  sand  and  occasional  pebbles 
of  the  underlying  metarhyolite.  Layers  of  dark  mud  were  formed 
in  places  containing  numerous  sponge  spicules,  such  as  are  found  in 
the  Grizzly  quartzite,  to  register  the  life  of  the  time.  Conditions 
changed  somewhat,  and  corals  became  abundant  with  other  forms 
of  organisms  having  calcareous  shells.  By  their  accumulation  local 
lenses  of  Umestone  were  formed,  whose  fossils  indicate  the  horizon 
of  the  Niagara.  The  occurrence  of  similar  fossils  near  Eureka,  Nev., 
suggests  direct  water  connection  with  the  great  water  body  which 
in  Silurian  time  occupied  the  central  part  of  the  United  States. 
The  general  absence  of  this  hmestone  on  the  Pacific  coast  except  in 
the  Taylorsville  region  may  indicate  dry  land  in  that  region  during 
the  Silurian. 

DEVONIAN. 

Judging  from  the  small  size  of  the  limestone  lentils,  the  epoch  of 
their  development  was  brief.  Then  came  changes  which  involved 
elevation,  exposing  parts  of  the  Grizzly  quartzite  to  erosion,  but  the 
Taylorsville  region  appears  to  have  remained  much  of  the  time 
beneath  the  sea  and  to  have  received  the  conglomerates,  sandstones, 
shales,  and  cherts  of  the  Taylorsville  formation.  The  pebbles  of 
lava  contained  in  the  fine  conglomerate  at  the  base  of  the  formation 
testify  to  pre-Devonian  volcanic  activity,  including  such  forms  as 
the  metarhyohte,  a  type  which  occurs  near  the  same  horizon  in  the 
Redding  region  also.  The  records  of  Devonian  life  are  obscure  or 
absent  in  the  Taylorsville  regioh,  but  to  the  northwest  in  the  Red- 
ding region  they  are  abundant.  The  sea  teemed  with  corals,  and  the 
middle  Devonian  limestone  of  the  Klamath  Mountain  region  is  locally 
full  of  them.  But  the  record  of  the  Devonian  period  in  the  Sierra 
Nevada,  though  much  fuller  than  that  of  the  Silurian,  is  far  from 
complete.  The  Devonian  period  was  brought  to  a  close  by  an  uplift 
which  exposed  the  Devonian  sediments  locally  to  erosion. 

CARBONIFEROUS. 

The  Carboniferous  opened  with  the  northern  part  of  California 
beneath  the  sea,  receiving  deposits  derived  largely  from  the  erosion  of 
Devonian  strata,  upon  which  the  Carboniferous  strata  were  laid 
down  unconformably;     The  shore  was  not  far  off,  for  many  fossil- 
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iferous  limestone  pebbles,  such  as » are  easily  destroyed,  were  pre- 
served in  the  conglomerates  of  the  lower  Carboniferous  of  the 
Klamath  Mountains.  On  the  northern  end  of  the  Sierra  the  deposits 
were  finer,  composed  chiefly  of  fine  shale  and  sandstones,  making  up 
the  Arlington  formation,  succeeded  by  the  siliceous  beds  of  Houghs 
Peak,  with  an  occasional  conglomerate.  Then  came  an  epoch  of 
vigorous  volcanic  activity  whose  products  are  widespread.  At  this 
time  the  volcanic  tuffs  and  flows  of  the  Taylor  meta-andesite  were 
erupted,  and  volcanoes  were  active  in  the  Sierra  south  of  the 
fortieth  parallel"  as  well  as  in  the  Redding  region*  of  the  Klamath 
Mountains.  With  the  decadence  of  volcanic  activity  conditions  fav- 
orable to  the  formation  of  limestone  came  in  and  heavy  bodies  of  lime- 
stone locally  full  of  fossils  were  formed  throughout  the  Sierra  and 
the  Klamath  Moimtains.  Toward  the  end  of  the  Carboniferous 
volcanic  action  again  became  vigorous,  resulting  in  the  eruption  of 
the  Reeve  and  Kettle  meta-andesites,  but  small  lenses  of  lime- 
stone continued  to  be  formed  in  places  to  the  end  of  the  period, 
which  was  brought  to  a  close  by  an  uplift  in  the  Taylorsville  region. 
This  uplift  in  the  Sierra  Nevada  region  corresponds  approximately 
to  that  of  the  Mississippi  Valley  and  the  eastern  portion  of  the  United 
States,  where  the  Appalachian  Mountains  were  formed  and  the  ocean 
in  large  measure  finally  excluded  from  the  Mississippi  Valley.  In 
the  Sierra  it  appeal's  to  have  been  accompanied  by  considerable 
deformation  and  metamorphism  and  possibly  erosion  before  the 
deposition  of  Triassic  began,  for  the  Paleozoic  strata  are  decidedly 
more  compressed  and  altered  than  those  of  Mesozoic  age  in  the  same 
region,^  and  the  two  are  unconformable.  As  one  of  the  results  con- 
sequent upon  the  deformation  of  the  Taylorsville  region,  the  Taylors- 
ville fault  was  formed  and  rhyolite  was  brought  to  the  surface  to 
receive  the  Triassic  and  Jurassic  deposits  laid  down  upon  it. 

TRIASSIC. 

During  the  early  Triassic  the  Taylorsville  region  appears  to  have 
been  dr^^  land,  but  to  the  northwest  in  the  Redding  region  the  sea 
prevailed,  receiving  upon  its  floor  a  thick  deposit  of  lavas  and  tuffs 
interstratified  >vith  and  succeeded  by  shales  and  thin  sandstones  of 
the  Pit  formation,  which  does  not  occur  in  the  Taylorsville  region. 
The  northern  end  of  the  Sierra  subsided,  but  without  great  deforma- 
tion, at  the  close  of  Pit  time,  and  the  sea  again  covered  a  large  part 
if  not  the  whole  of  the  Sierra  Nevada.  Coiled  forms  of  cephalopods 
(ammonites)  were  abundant  and  large  swimming  reptiles  common. 
Their  remains  spread  upon  the  sea  floor  became  entombed  in  the 

a  Mother  Lode  District  foUo  (No.  63),  Geologic  Atlas  U.  S.,  U.  8.  Oeol.  Survey,  igoo,  p.  4. 
b  Redding  foUo  (No.  138),  Geologic  Atlas  U.  S.,  U.  8.  Oeol.  Survey,  1906,  p.  lo. 
c  Llndgren  and  Turner,  In  gold  belt  foUos. 
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i  Hosselkus  limestone.     On  top  of  the  limestone  the  dark  calcareous 
I  mud  of  the  Swearinger  slate  and,  in  the  Redding  region,  the  Brock 
fl  shale  were  laid  down  over  a  wide  stretch  along  the  Pacific  coast  from 
California  to  Alaska  during  an  epoch  wliich,  like  that  of  the  Hossel- 
kus limestone,  was  free  from  volcanic  activity. 

JURASSIC. 

The  Triassic  was  closed  and  the  Jurassic  initiated  by  small  changes 
of  level  accompanied  by  a  recurrence  of  volcanic  activity,  but  all  the 
while  most  of  northern  California  remained  beneath  the  sea,  and  the 
unconformity  between  the  Triassic  and  the  Jurassic  is  not  great. 
In  the  Taylorsville  region  the  earliest  Jurassic  deposits  occur  in  the 
Trail  beds  of  fre^h  or  brackish  water  origin.  These  are  of  Umited 
extent,  for  at  the  same  time  in  the  Redding  region  marine  deposits 
were  in  progress.  In  the  next  succeeding  epoch,  when  the  Hard- 
grave  sandstone  was  deposited,  the  sea  covered  the  Taylorsville  region, 
western  Nevada,  and  much  of  eastern  Oregon,  which  continued  sub- 
merged until  near  the  close  of  the  Jurassic. 

Though  they  were  quiescent  epochs  during  which  the  Hardgrave 
sandstone,  Thompson  limestone,  and  Mormon  sandstone  were  formed, 
the  Jurassic  was  a  period  of  recurrent  volcanic  activity,  which  spread 
the  Fant  and  Hull  meta-andesites  upon  the  surface  and  furnished  a 
source  for  much  of  the  material  of  wliich  the  Jurassic  strata  of  the 
Taylorsville  region  are  composed. 

The  fauna  of  the  Foreman  beds,  which  is  the  youngest  of  the 
Jurassic  in  the  Taylorsville  region,  has  not  yet  been  studied  by  a 
paleontologist  in  the  field,  but  from  all  that  is  known  of  it  thus  far 

IVits  discovery  has  not  changed  the  order  of  relative  age  published  by 
l^rofessor  Hyatt,"  in  which  he  regards  the  Mariposa  formation  as 
younger  than  those  found  in  the  Taylorsville  region. 

The  AuceUa  fauna  in  the  Mariposa  beds  is  limited  in  the  Sierra  to 
the  lower  portion  of  its  western  slope.  A  thick  deposit  of  slates  like 
those  of  the  Mariposa  has  been  reported  by  King''  in  western  Nevada, 
but  no  fossils  have  yet  been  foimd  in  them  to  confirm  the  correla- 
tion. The  Mariposa  contains  many  conglomerates,  and  according  to 
liindgren*^  was  laid  down  in  ^'immediate  proximity  of  the  shore 
line.  '*  Its  absence  east  of  the  main  crest  in  the  Sierra  is  probably 
due  to  an  uplift  at  the  close  of  the  Taylorsville  Jurassic,  excluding 
the  sea  from  that  region.  Volcanic  eruptions  on  the  west  slope  con- 
tained during  the  Mariposa. 

o  Bull.  Geol.  Soc.  America,  vol.  5, 1894,  p.  413. 

b  U.  S.  Cteol.  Explor.  40th  Parallel,  vol.  1,  IS78,  p.  395.  •.. 

c Colfax  folio  (No.  66),  Geologic  Atlas  U.  S.,  U.  S.  Geol.  Survey,  1900,  p.  3. 
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EARLY  CRETACEOUS  (SHASTA). 

The  Jurassic  was  closed  and  the  Cretaceous  initiated  by  a  pro- 
found compression  of  the  rocks  of  the  Sierra  Nevada,  folding  and 
crushing  them  and  converting  the  finer  late  Jurassic  sediments,  the 
Mariposa,  into  slates.  In  the  Taylorsville  region  the  Jurassic  was 
completely  overturned  and  then  faulted  by  a  later  movement  along 
the  plane  of  the  Taylorsville  overthrust.  The  vast  masses,  batho- 
liths  of  granitic  and  dioritic  rocks,  as  well  as  many  dikes  and  smaller 
bodies  of  various  igneous  rocks,  which  form  so  large  a  part  of  the 
Sierra  Nevada,  were  intruded  mainly  in  connection  with  the  great 
compression  and  upbuilding  of  the  range  about  the  beginning  of  the 
Cretaceous,  and  many  of  the  older  igneous  rocks  and  sediments  were 
converted  into  schists  along  the  borders  of  the  batholiths. 

The  compression,  intrusion,  and  uplift  aff-ected  not  only  the  region 
of  the  Sierra,  but  also  that  of  the  Great  Basin  adjoining  the  Sierra 
on  the  east,  and  at  that  time  perhaps  not  yet  clearly  differentiated. 

The  wbole  region  was  above  the  sea  and  was  vigorously  attacked 
by  erosion.  In  the  course  of  long-continued  degradation  during  the 
early  Cretaceous  orographic  prominences  were  removed  and  the  sur- 
face reduced  to  comparatively  gentle  features.  A  great  thickness  of 
fine  deposits  accumulated  west  of  the  Sierra  near  the  fortieth  paral- 
lel in  the  Sacramento  Valley.  Subsidence  was  in  progress  along  the 
coast  toward  the  close  of  the  early  Cretaceous,  and  the  sea  gradually 
encroached  upon  the  land,  but  a  diiferential  change  of  level  occurred 
which  resulted  in  the  formation  of  a  thick  and  extensive  conglom- 
erate along  the  present  western  border  of  the  Sacramento  Valley. 

This  change  appears  to  have  involved  the  lifting  up  of  the  Sierra 
and  Great  Basin  region  until  the  latter  started  to  collapse  and  break 
away  from  the  Sierra  by  the  development  of  a  remarkable  series  of 
faults,  which  mark  their  eastern  limit. 

South  of  latitude  38°  30'  the  displacement  along  the  east  face  of 
the  Sierra  appears  to  have  taken  place  chiefly  along  one  fault  line, 
but  north  of  that  latitude  there  were  three  principal  lines  of  dis- 
placement. Beginning  near  Lake  Tahoe  they  diverge  slightly,  and 
then,  becoming  approximately  parallel,  extend  northwest  with  more 
or  less  continuity  for  over  100  miles.  Lindgren  has  shown  that  these 
faults  in  the  neighborhood  of  Lake  Tahoe  are  older  than  the  andesitic 
flows,  and  appear  to  have  originated  during  the  early  Cretaceous. 
Much  of  the  displacement  occurred  at  that  time,  but  north  of  the 
latitude  of  Sierra  Valley  the  displacement  was  later. 

LATER  CRETACEOUS  (CHICO). 

During  the  deposition  of  the  Chico  the  Sierra  region  was  gradually 
subsiding  and  the  sea  transgressing  until  it  beat  upon  the  western 
foot  of  the  mountains  several  hundred  feet  above  the  pre^sent  level 
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of  the  sea.  The  subsidence  and  transgression  were  greatest  toward 
the  northern  end  of  the  range,  but  were  nowhere  profound.  The 
Chico  sediments  soon  became  fine  and  more  or  less  calcareous,  indi- 
cating gentle  slopes  upon  the  land  approxhnating  the  condition  of  a 
peneplain.*  The  Chico  closed  with  an  uplift  which  excluded  the  sea 
from  northern  California. 

EOCENE. 

The  uplift  at  the  opening  of  the  Eocene,  though  small,  was  accom- 
panied by  considerable  deformation,  resulting  locally  in  a  more  or 
less  distinct  unconformity,  but  produced  no  striking  change  in  the 
character  of  the  marine  sediments  succeeding  the  Chico  in  middle 
California  and  southwestern  Oregon.  The  valleys  were  deepened  as 
a  result  and  then  widened,  so  that  comparatively  gentle  slopes  soon 
again  prevailed.  The  landscape  was  one  of  broad  and  comparatively 
shallow  valleys,  whose  divides  preserved  the  gentler  features  of  an 
earlier  (Cretaceous)  topography.  The  rate,  of  disintegration  became 
greater  than  that  of  transportation,  and  a  mantle  of  residuary  mate- 
rial rich  in  vein  quartz  accumulated  upon  the  surface. 

From  the  abundance  of  material  at  hand  the  streams  became  over- 
loaded and  filled  their  valleys.  The  gravels  were  largely  quartzose 
and  auriferous.  The  sand  that  reached  the  mouths  of  the  streams  was 
arkose.  This  appears  to  have  been  the  condition  of  affairs  indicated 
by  the  coaly  deposits  and  sands  which  form  the  lower  half  of  the 
main  mass  of  auriferous  gravels  in  the  Taylorsville  region. 

Well  toward  the  close  of  the  Eocene  the  Sierra,  in  latitude  39°  30', 
was  elevated  and  greatly  increased  the  stream  grade  of  Jura  River, 
flowing  northward,  so  that  it  contributed  gravel  instead  of  sand  to 
its  delta,  and  numerous  bowlders  were  carried  into  its  channel. 
The  stream  grades  of  the  western  slope  of  the  range  must  have  been 
increased  at  the  same  time,  but  according  to  Turner  their  grade  was 
not  so  great  as  that  of  Jura  River.  That  this  took  place  in  the 
Eocene  is  suggested  by  the  fact  that  the  flora  of  this  early  gravel 
epoch  is  similar  to  that  of  the  Eocene  of  Oregon. 

MIOCENE  AND  PLIOCENE. 

The  conditions  of  gravel  deposition  may  have  continued  in  the  Jura 
River  region  from  the  latter  portion  of  the  Eocene  through  the  greater 
portion  of  the  Miocene  and  Pliocene  apparently  without  material 
change.  The  stream  continued  to  flow  and  the  estuarine  body  of 
water  which  it  entered  remained  covering  the  north  end  of  the  Sierra 
throughout  the  period,  and  as  far  as  may  be  judged  from  the  gravels 
the  river  grade  was  not  changed  essentially. 

Before  the  close  of  the  Miocene  the  volcanic  flows  from  the  crest 
of  the  range  began.     The  earliest  flows  were  of  rhyolite,  which  fol- 

a  Llndgren  was  the  first  to  point  out  this  peoeplain  (Jour.  Geology,  vol.  4, 1896,  p.  894). 
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lowed  the  lines  of  drain&ge  and  covered  the 
gravels  about  the  head  of  Jura  River.  Its 
eruption  is  represented  by  layers  of  vol- 
canic dust  in  the  main  gravel  mass  on 
Willards  Creek.  These  were  followed  after 
an  interval  by  flows  of  andesitic  and  ba- 
saltic lava  and  breccia,  which  completely 
filled  the  upper  course  of  Jura  River  and 
changed  its  drainage.  The  lower  course 
was  left  imcovered,  but  along  the  Diamond 
Moimtain  region  and  farther  northwest 
flows  issued  and  covered  large  tracts  of  the 
main  gravel  mass  and  furnished  material 
for  the  later  gravels  formed  by  the  waves  of 
the  bordering  water  body. 

QUATERNARY. 

About  the  close  of  the  Pliocene  great 
changes  occurred  in  the  north  end  of  the 
range.  With  the  adjoining  portion  of  the 
Great  Basin  it  was  uplifted  and  afterward 
faulted  so  as  to  completely  change  its  to- 
pography and  drainage.  The  uplift  in- 
creased toward  the  north,  for  the  delta  of 
Jura  River  was  raised  from  a  low  altitude 
to  an  elevation  of  7,000  feet — that  is,  to 
nearly  as  great  an  altitude  as  its  source. 
The  time  of  this  deformation  was  subse- 
quent to  the  volcanic  eruptions  of  its  vicinity 
but  contemporaneous  with  great  activity 
about  Lassen  Peak,  as  if  the  pressure  in 
the  one  case  was  relieved  by  volcanic 
eruptions  and  in  the-other  by  upheaval. 

The  upheaval  and  deformation  of  the 
Jura  River  valley  resulted  in  a  complete 
change  of  drainage  and  added  to  the  drain- 
age of  the  watercourses  of  the  western 
dope  of  the  range,  part  of  it  going  to 
Yuba  River,  but  the  greater  portion  to 
Middle  and  North  forks  of  Feather  River. 
The  effect  of  the  deformation  upon  drain- 
age is  illustrated  in  fig.  12  by  a  general 
profile  along  the  Jura  River  bed,  omit- 
ting the  later  effects  of  erosion.  The 
ancient  river  bed  descends  from  7,000  feet 
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near  Meadow  Lake  to  6,000  feet  where  drained  by  the  forks  of 
Yuba  River,  and  rises  again  to  7,000  feet  in  Haskell  Peak.  Crossing 
Mohawk  Valley  fault  it  descends  to  5,000  feet  where  drained  by  Mid- 
dle Fork  of  Feather  River,  but  again  rises  to  6,000  feet  at  the  Cascade 
mine,  from  which  there  is  a  slight  descent  to  Peale  diggings  and  Moon- 
light drained  by  North  Fork  of  Feather  River.  Here  the  gravels 
are  decidedly  Uthified  and  arch  over  the  eastern  block  of  the  Sierra 
to  Susan  Creek  of  the  Great  Basin  region. 

The  deformation  probably  began  on  the  east,  turning  the  water 
westward,  and  appears  to  have  been  very  gradual,  permitting  the 
forks  of  Feather  River  to  maintain  their  coxurses  and  cut  deep  can- 
yons directly  across  the  rising  crests  of  the  range.  Small  temporary 
lakes  may  have  been  formed,  but  they  were  not  extensive  and  were 
soon  filled  up,  forming  fertile  valleys,  of  which  Indian  Valley  is  an 
example. 

ECONOMIC  GEOLOGY. 

HISTORY. 

During  the  great  gold  excitement  m  California  prospectors  found 
their  way  into  the  depths  of  the  forest-clad  mountains  about  Indian 
Valley  as  early  as  1850.  The  **  Bullion  ledge,"  a  short  distance  north- 
west of  Greenville,  was  discovered  the  next  year  and  many  locations 
followed,  so  that  within  ten  years  Greenville  became  an  active  mining 
center.  Gold  was  the  primary  object  of  search,  but  the  discovery  of 
rich  copper  ores  in  1865  led  to  the  erection  of  a  small  furnace,  which 
maintained  a  sporadic  activity  for  four  years. 

Though  no  great  mines  have  been  developed  about  Indian  Valley, 
between  forty  and  fifty  small  ones  have  at  various  times  contrib- 
uted to  a  total  output  of  over  $7,700,000.  The  values  are  almost 
wholly  in  gold,  with  a  little  silver  and  less  copper.  Iron  ore,  coal, 
building  stone,  and  mineral  springs,  although  present,  have  not  yet 
become  sources  of  revenue.  There  are  now  many  active  prospects 
in  the  region,  but  scarcely  half  a  dozen  paying  mines. 

On  the  accompanying  sectional  map  of  the  Indian  Valley  region 
(PI.  V)  Mr.  Arthur  Keddie  located  the  surveyed  mining  claims  of  the 
following  list  in  1904,  and  I  hav^  added  references  to  the  prospects, 
mines,  and  ores.  The  claims  are  more  or  less  distinctly  grouped  in 
two  belts,  the  Crescent  Mills  belt  and  the  Genesee  belt. 
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.     List  of  mining  clairns  in  Indian  Valley. 

T.  25N.,  Rs.  9,  10,  andllE.: 

T.  26N.,  Rfi.  9andlOE.: 

1.  Bridge  Q.  M. 

1.  Centennial  Q.  M. 

2.  Shoo  Fly  Q.  M. 

2.  New  York  P.  C. 

3.  Golden  Age  Q.  M. 

3.  Kennebec  Q.  M. 

4.  Golden  Era  Q.  M. 

4.  Plow  Boy  Q.  M. 

5.  Rising  Sun  Q.  M. 

5.  New  York  Q.  M. 

6.  Golden  Dawn  Q.  M. 

6.  Antelope  Q.  M. 

7.  Golden  Coin  Q.  M. 

7.  Hong  Kong  Q.  M. 

8.  Greenwood  Q.  M. 

8.  Dewey  Q.  M. 

9.  Jennie  V^amans  Q.  M. 

9.  Johnny  Bull  Q.  M. 

10.  KiRmet  Q.  M. 

10.  Bu-d  Q.  M. 

11.  Mirabile  Visu  Q.  M. 

11.  Summit  Q.  M. 

12.  Plumaa  Grizzly  Q.  M. 

12.  W.  Pacific  Q.  M. 

13.  Queenie  Q.  M. 

13.  Pacific  Q.  M. 

14.  Fiesta  De  Oro  Q.  M. 

14.  Drury  Q.  M. 

15.  Camp  Compton  Q.  M. 

15.  Arctic  Q.  M. 

16.  CamiUe  Q.  M. 

16.  Phoenix  Q.  M. 

17.  Hayward  Q.  M. 

17.  East  Phoenix  Q.  M. 

18.  Rock  Taylor  Q.  M. 

18.  Sunrise  Q.  M. 

19.  King  Solomon  Annex  Q.  M. 

19.  Sunset  Q.  M. 

20.  Grand  Prize  Annex  Q.  M. 

20.  Arcadian  Q.  M. 

21.  Genesee  Q.  M. 

21.  Brooklyn  Q.  M. 

22.  Italia  Q.  M. 

22.  Comstock  Q.  M. 

23.  Queen  of  Sheba  Q.  M. 

23.  Dominion  Q.  M. 

24.  IxKii  Q.  M. 

24.  Union  Q.  M. 

25.  Pilot  Q.  M. 

25.  Blaine  Q.  M. 

26.  Barney  Tutt  Q.  M. 

26.  Indian  Valley  Q.  M 

27.  Green  Ledge  Q.  M. 

27.  Arctic  Q.  M. 

28.  Queen  of  Genesee  Q.  M. 

28.  Summit  Q.  M. 

29.  Copper  Queen  Q.  M. 

29.  Atlantic  Q.  M. 

30.  Centennial  Q.  M. 

30.  Hibemia  Q.  M. 

31.  Centennial  South  Ex.  Q.  M. 

31.  Pacific  Q.  M. 

32.  Black  Bear  Q.  M. 

32.  Crown  Point  Q.  M. 

33.  Brown  Bear  Q.  M. 

33.  Prospect  Q.  M. 

34.  Grizzly  Bear  Q.  M. 

34.  Standart  Q.  M. 

35.  Polar  Bear  Q.  M. 

35.  Brewster  Q.  M. 

36.  Cinnamon  Bear  Q.  M. 

36.  Valentine  Q.  M. 

37.  Grizzly  Q.  M. 

37.  Robinson  Q.  M. 

38.  Bear  Q.  M. 

38.  Eclipse  Q.  M. 

39.  Piano  Q.  M. 

39.  Altona  Q.  M. 

40.  Peacock  Q.  M. 

40.  Emerald  Q.  M. 

41.  IngoQ.  M. 

41.  Arid  Q.  M. 

42.  Copper  Bell  Q.  M. 

42.  Lizzie  Q.  M. 

43.  Copper  Queen  Q.  M. 

43.  Jackson  Q.  M. 

44.  Morning  Star  Q.  M. 

44.  Tunnel  Q.  M. 

45.  Limbo  Q.  M. 

45.  Monroe  Q.  M. 

46.  Evening  Star  Q.  M. 

46.  Empire  Q.  M. 

47.  Reno  Q.  M. 

47.  Ruby  Q.  M. 

48.  Fossil  Q.  M. 

48.  Brilliant  Q.  M. 

49.  Reward  Q.  M. 

49.  North  Star  Q.  M. 

50.  Beckwith  Q.  M. 

50.  Susan  Jane  Q.  M. 
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T.  2p  N.,  Ra  9  and  10  E.— Continued. 
51.  Miller  Q.  M. 
62.  Cole  Q.  M. 

53.  Crescent  Q.  M. 

54.  Pet  Q.  M. 

55.  Plumas  Q.  M. 

56.  California  No.  1  Q.  M. 

57.  California  No.  3  Q,  M. 

58.  California  No.  4  Q.  M. 

59.  California  No.  2  Q.  M. 

60.  Palmyra  Q.  M. 

T.  26N.,  Rs.  11  and  12  E.: 

1.  Hull  P.  C. 

2.  Homfel  Q.  M. 

3.  Jura  Q.  M. 

4.  Laura  Q.  M. 

5.  Lucy  Q.  M. 

6.  Omega  Q.  M. 

7.  Glass  Q.  M. 

8.  Main  Q.  M. 

9.  Wisconsin  Q.  M. 

10.  Climax  Q.  M. 

11.  Index  Q.  M. 

.  12.  Jupiter  Q.  M. 

13.  Mars  Q.  M. 

14.  Signal  Q.  M. 

15.  Cherokee  Q.  M. 

16.  Hopeful  Q.  M. 

17.  Gage  Q.  M. 

18.  Venus  Q.  M. 

19.  Summit  Q.  M. 

20.  Empire  Q.  M. 

21.  I^ocust  Q.  M. 

22.  Wonder  Q.  M. 

23.  Ilomestake  Q.  M. 

24.  McKinley  Q.  M. 

25.  Lincoln  Q.  M. 

26.  Garfield  Q.  M. 

27.  Queen  Q.  M. 

28.  Hammoth  Q.  M. 

29.  Williams  Q.  M. 

30.  Jessie  Q.  M. 

31.  Wide  Awake  Q.  M. 

32.  R(K)Hevelt  Q.  M. 

33.  Wjinhington  Q.  M. 

34.  Perkins  Q.  M. 

35.  Butte  Q.  M. 

36.  Nellie  Q.  M. 

37.  Timey  Q.  M. 

38.  Rose  Q.  M. 
..-H».S9.  Slim  Jim  Q.  M. 

40.  Clipper  Q.  M. 

41.  Congress  Q.  M. 

50007— Bull.  353—08—8 


T.  26  N.,  Rs,  11  and  12  E.—Continued. 

42.  Nome  Q.  M. 

43.  Isabelle  Q.  M. 

44.  Libby  Q.  M. 

45.  Emma  Q.  M. 

46.  Molly  Q.  M. 

47.  Cooksey  Q.  M. 

48.  (liico  Q.  M. 

49.  Duncan  Q.  M. 

50.  Dome  Q.  M. 

51.  CalnanQ.  M. 

52.  Carbonate  Q.  M. 

53.  Chondrodite  Q.  M. 

54.  Castle  Q.  M. 

55.  Jennie  Q.  M. 

56.  Cascade  Q.  M. 

57.  Cabaritic  Q.  M. 

58.  Columbine  Q.  M. 

59.  Clasper  Q.  M. 

60.  Phonolite  Q.  M. 

61.  Colorado  Q.  M. 

62.  Crown  Q.  M. 

63.  Bond  Q.  M. 

64.  Outcrop  Q.  M. 

65.  Arizona  Q.  M. 

66.  Columbia  Q.  M. 

67.  Lyddite  Q.  M. 

68.  Jeanette  Q.  M. 

69.  Bonanza  Q.  M. 

70.  Bonanza  No.  2  Q.  M. 

71.  Taylor  Diggings  Q.  M. 
T.  27N.,  Rs.  lOandllE.: 

1.  Engles  Copper  Mine  No.  3. 

2.  Engles  Copper  Mine  No.  2. 

3.  Lucky  S  No.  2  Q.  M. 

4.  Cadmus  P.  C. 

5.  Lucky  S  Q.  M. 

6.  Sheep  Herder  Q.  M. 

7.  Moonlight  Q.  M. 

8.  Wasp  Q.  M. 

9.  Grant  Q.  M. 

10.  Hulsman  Q.  M. 

11.  Shennan  Q.  M. 

12.  Oregon  Q.  M. 

13.  Olympia  Q.  M. 

14.  Davenport  Q.  M. 

15.  Edward  Q.  M. 

17.  Sidehill  Q.  M. 

18.  Sperm  Q.  M. 

19.  Oak  Q.  M. 

20.  Shough  Q.  M. 

21.  Gentle  Annie  Q.  M. 

22.  Cabin  Q.  M. 
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T.  27  N.,  Rs.  10  and  11  E.— Continued. 

23.  Ridge  Q.  M. 

24.  No  Wonder  Q.  M 

25.  Dexter  Q.  M. 

26.  Live  Oak  Q.  M. 

27.  Fair  View  Q.  M. 

28.  Stone  Point  Q.  M. 

29.  Fritz  Q.  M. 

30.  Big  Spring  Q.  M. 

31.  Big  Boo  Q.  M. 

32.  Belmont  Q.  M. 

33.  Claremont  Q.  M. 

34.  Vermont  Q.  M. 
36.  Palo  Cedar  Q.  M. 


T.  27  N.,  Rs.  10  and  11  E.— Continued. 

36.  Grant  Q.  M. 

37.  Crystal  Q.  M. 

38.  Chaune  Q.  M. 

39.  Indian  Valley  Silver  Mine. 

40.  Indian  Valley  Silver  Mine. 
T.  28N.,  R.  HE.: 

1.  North  Star  Q.  M. 

2.  St.  Paul  Q.  M. 

3.  Red  Ocher  Q.  M. 

4.  Sunset  Q.  M. 

5.  Talbott  Q.  M. 

6.  Jackson  Q.  M. 

7.  Yellow  Ocher  Q.  M. 


DEVELOPMENT  IN  THE  CRESCENT  MILLS  BELT. 

The  principal  producing  mines  of  the  region  have  been  the  Crescent 
Mills,  Green  Mountain,  Indian  Valley,  and  McGill-Standart,  all  of 
which,  with  many  others  of  less  importance,  lie  in  the  Crescent  Mills 
mining  belt,  which  extends  from  the  neighborhood  of  Taylorsville 
north  50°  west  through  the  Crescent  Mills  and  Greenville  districts  to 
Wolf  Creek,  a  distance  of  about  15  miles,  with  a  width  of  a  little  over 
a  mile.  In  the  Crescent  Mills  belt  in  October,  1904,  there  were  but 
2  producing  mines,  with  1  quartz  mill  and  2  arrastres. 

DEVELOPMENT  IN  THE  GENESEE  BELT. 

The  most  continuous  activity  of  the  region  has  been  along  Wards 
Creek,  on  the  border  of  Genesee  Valley,  where  the  Gruss  mine  has 
been  in  operation  for  over  twenty  years.  Near  by  is  the  Five  Bear 
mine,  and  across  Genesee  Valley  is  the  Cosmopolitan,  from  which  most 
of  the  ore  was  obtained  years  ago  for  the  Coppertown  furnace. 
Beyond  are  the  Regal,  Engel,  and  finally,  in  Lights  Canyon,  the 
Superior  mine,  where  a  body  of  bornite  and  chalcopyrite  approxi- 
mately 60  feet  long,  40  feet  wide,  and  3  feet  thick  has  been  removed. 
These  mines  and  several  smaller  ones  lie  in  the  Genesee  mining  belt, 
which  extends  from  Wards  Creek  north  22^  west  to  Lights  Canyon,  a 
distance  of  about  15  miles.  WTiile  conservative  estimates  place  the 
total  production  of  the  Crescent  Mills  belt  at  $6,650,000,  that  of  the 
Genesee  belt  has  been  estimated  at  $450,000.  In  1904  in  the  Genesee 
belt  there  were  5  mines  active,  with  2  stamp  mills  and  3  arrastres. 

GEOLOGY  OF  CRESCENT  MILLS  BELT  OF  MINES. 

The  Crescent  Mills  mining  belt  has  in  it  two  long,  narrow  masses 
of  granodiorite,  one,  southwest  of  TaylorsviUe,  cutting  the  Paleozoic 
sediments;  the  other,  between  Crescent  Mills  and  Greenville,  cutting 
the  quartz  porphyries  of  that  district.  The  metalliferous  deposits 
are  confined  chiefly,  but  not  wholly,  to  the  igneous  rocks,  and  in  none 
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of  the  cases  examined  are  they  definite  contact  deposits  such  as 
occur  in  a  portion  of  the  Grenesee  belt.  The  deposits  throughout 
the  Crescent  Mills  belt  are  in  more  or  less  well-defined  quartz  veins 
running  generally  parallel  to  the  course  of  the  belt,  but  in  a  few  cases 
there  are  small  veins  nearly  at  right  angles  to  the  others.  The  ore 
is  auriferous  pyrite,  sometimes  in  small  bodies  but  generally  dis- 
seminated in  the  narrow  strip  of  sheared  rock  of  the  partially  formed 
vein  in  which  there  is  usually  some  quartz.  The  pyrite  is  nearly 
always  changed  to  limonite,  setting  the  gold  free  and  staining  the 
indistinct  vein  as  well  as  its  walls.  One  of  the  best  defined  and 
most  complete  quartz  veins  of  the  Crescent  Mills  belt  occurs  in  the 
Premium  mine.  It  is  vertical,  about  2  feet  in  thickness,  and  cuts 
granodiorite. 

In  the  Green  Mountain  mine  one  subordinate  vein  carries  a  small 
amount  of  chalcopyrite,  but  in  general  copper  is  absent  in  the  belt 
except  at  the  old  Pettinger  mine,  two-thirds  of  a  mile  south  of  Tay- 
lorsville,  where  a  small  imperfect  vein  in  the  Taylorsville  slate  is 
impregnated  with  carbonates  of  copper,  sometimes  blue  but  generally 
green. 

An  exceptional  deposit  for  the  Crescent  Mills  belt,  and  indeed  for 
the  whole  region,  is  a  mass  of  pyrrhotite  a  mile  and  a  half  nearly 
south  of  Taylorsville.  It  lies  in  a  narrow  strip  of  sheared  sandstone 
running  north  and  south  near  the  horizon  of  the  Montgomery  lime- 
stone, but  the  largest  body,  about  10  feet  in  thickness,  is  at  a  point 
wliere  the  sheared  sediments  end  against  serpentine.  The  pyrrhotite 
was  tested  for  nickel  by  Hillebrand,  but  none  was  found. 

GEOLOGY  OF  THE  GENESEE  BELT  OF  MINES. 

The  Genesee  mining  belt  follows  approximately  the  northeastern 
limit  of  the  Mesozoic  and  Paleozoic  sediments  where  they  come  in 
contact  with  the  granodiorite  and  the  Kettle  meta-andesite.  The 
deposits  are  variable;  some  are  more  or  less  complete  veins  following 
narrow  belts  along  which  the  rock  has  been  crushed  and  sheared; 
others  follow  the  line  of  contact  bounding  the  granodiorite.  In  some 
deposits  the  ore  is  auriferous  quartz  and  limonite,  but  in  others  the 
ore  is  chiefly  bornite,  chalcopyrite,  chalcocite,  or  copper  carbonates. 
(Quartz  is  the  most  common  gangue  mineral,  but  in  one  case  barite 
appears  and  in  another  a  green  mineral  like  actinolite. 

The  Gruss  mine,  on  Wards  Creek,  is  on  both  sides  of  the  contact 
between  the  Kettle  meta-andesite  and  slaty  shale  of  the  Robinson 
formation.  In  the  shale  the  partially  formed  veins  follow  narrow 
sliear  zones,  in  which  there  is  some  auriferous  quartz  associated  with 
limonite  that  deeply  stains  the  richest  portions  of  the  crushed  mass. 
Tlie  adjacent  meta-andesite  is  often  decidedly  slaty  and  its  ores  are 
chiefly  chalcopyrite  or  bornite,  with  copper  carbonates  near  the 
surface. 
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The  rocks  along  the  contact  are  much  sheared  and  apparently 
somewhat  richer  than  those  on  either  side.  No  characteristic  con- 
tact minerak  were  observed  to  suggest  that  ores  in  this  case  were 
originally  contact  deposits  modified  after  the  development  of  the 
slaty  cleavage. 

The  Five  Bear  mine  in  the  Robinson  slate  is  much  like  the  Gruss, 
but  the  Green  Ledge,  Pilot,  and  others  in  the  Kettle  meta-andesite 
have  small  veins  of  quartz  with  bomite  and  some  chalcocite.  The 
veins  are  generally  less  than  5  inches  in  thickness. 

'The  Cosmopolitan  mine  is  on  the  contact  of  the  granodiorite  with 
the  Hosselkus  limestone  and  Swearinger  slate.  The  ore  is  bomite 
and  chalcopyrite,  forming  solid  bodies  up  to  15  feet  in  thickness, 
with  greater  dimensions  in  the  plane  of  contact,  along  which  other 
smaller  bodies  of  the  same  ore  occur.  On  the  surface  the  contact  is 
marked  by  masses  of  garnet  and  epidote  which  were  not  seen  beneath, 
but  in  the  Duncan  mine  the  garnet  and  epidote  are  associated  with 
the  ore. 

The  Bluebell  mine  is  in  the  Hosselkus  Umestone  near  the  contact, 
and  from  one  of  its  shafts  some  tons  of  carbonate  of  copper  have  been 
brought  up  in  connection  with  cave  breccia,  suggesting  a  secondary 
deposit  within  the  Umestone.  A  small  vein  of  barite  occurs  in 
altered  andesites  at  the  old  Indian  Valley  silver  mine,  about  a  mile 
southwest  of  Lucky  S  mine,  and  locally  contains  traces  of  copper  ore. 

Near  the  northwestern  end  of  the  Genesee  belt  is  the  Superior 
mine,  in  which  the  gangue  of  the  bomite  is  a  green  fibrous  iiiijieral 
like  actinolite.  A  number  of  parallel  vertical  veins  of  this  mineral 
are  well  exposed  in  the  open  cut  and  contain  disseminated  particles 
and  nodules  of  bornite.  The  larger  ore  bodies  are  free  from  gangue. 
The  wall  rock,  which  is  fine-grained  granodiorite,  is  the  same  on  both 
sides  and  the  veins  are  sharply  defined. 

AURIFEROUS  GRAVELS. 

Development. — Li  the  Taylorsville  region  modem  stream  beds  have 
been  mined  in  Lights  Canyon  and  on  Indian  Creek  above  Floumoy  as 
well  as  below  Arlington  Bridge.  The  total  yield  of  these  modem 
gravels  is  near  $10,000  annually. 

About  the  head  of  Lights  Creek,  Mountain  Meadows,  and  Moon- 
light ancient  gravels  have  been  mined  irregularly  in  a  small  way  for 
over  twenty  years,  and  the  total  yield,  according  to  a  conservative 
estimate,  is  nearly  $500,000. 

Kind^  of  gravel. — ^The  auriferous  gravels  which  have  been  mined 
about  Indian  Valley  are  of  two  kinds — (1)  the  gravels  of  the  present 
stream  beds  and  terraces  near  them,  and  (2)  the  gravels  of  ancient 
streams,  or  high  gravels  Uke  those  of  the  Taylor  diggings  on  the 
mountain  summits  far  above  the  streams  of  to-day,  composed  gen- 
erally of  well-rounded  waterwom  gravel. 
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Auriferous  graveh  of  yreserd  streams. — ^The  gravels  of  the  present 
stream  beds  and  their  terraces  have  been  mined  at  a  number  of  points 
in  the  region,  especially  along  the  upper  courses  of  the  streams  where 
the  grade  is  sufficient  to  prevent  the  deposition  of  finer  material 
such  as  fills  Indian  Valley  proper,  North  Arm,  and  Genesee  Valley. 

Indian  Creek  heads  about  Diamond  Mountain  and  Thompson 
Peak  on  the  eastern  crest  of  the  Sierra  Nevada  in  a  large  area  of 
high  gravels,  and  has  doubtless  concentrated  whatever  gold  there 
may  have  been  in  the  small  amoxmt  of  gravel  which  has  been  washed 
away.  Judging,  however,  from  present  activity  and  recent  output, 
the  part  of  Indian  Creek  east  of  Genesee  Valley  does  not  hold  out 
especially  promising  prospects,  but  this  can  not  be  taken  as  conclu- 
sive.    The  record  of  a  greater  activity  years  ago  is  not  available. 

Lower  down  on  Indian  Creek  beyond  Indian  Valley,  near  Shoo  Fly 
Bridge,  gravel  on  one  of  the  benches  is  worked  by  water  taken  out  at 
the  narrows  and  having  a  fall  of  nearly  100  feet.  The  excavation  is 
but  little  above  the  stream  level  and  has  been  carried  on  in  a  small 
way  by  R.  Martin  for  a  number  of  years.  Within  this  portion  of  the 
quadrangle  there  has  been  no  hydraulic  mining  for  several  years, 
but  a  few  miles  farther  west,  on  Soda  Creek,  Rush  Creek,  and  North 
Fork  of  Feather  River,  hydraulic  and  placer  mining  have  been  carried 
on  extensively  and  profitably  for  many  years. 

Placer  mining  has  been  carried  on  along  the  upper  course  of  Wolf 
Creek,  Cooks  Canyon,  and  several  other  small  streams,  but  the  most 
effective  and  persistent  efforts  have  been  made  on  Lights  Creek  and 
Little  Grizzly  Creek,  just  beyond  the  Umit  of  the  Indian  Valley 
special  quadrangle. 

On  Lights  Creek,  Ruffa,  the  Chatfield  Brothers,  and  Peters  work 
for  several  months  every  year  with  water  under  about  100  feet  pres- 
sure and  one  or  two  giants  each,  but  the  amoimt  of  debris  removed 
is  small. 

On  Little  Grizzly  Creek,  one  of  the  strongest  streams  of  the  region, 
the  work  is  done  on  a  somewhat  larger  scale  during  the  summer  in 
the  present  stream  bed,  where  large  bowlders  are  encountered.  In 
the  winter  the  terraces  from  100  to  200  feet  above  the  stream  are 
worked,  and  in  the  same  region  at  a  much  greater  elevation  is  the 
Ctiscade  hydraulic  mine  described  by  Turner  in  the  Downieville  folio. 

The  entire  annual  yield  of  the  placer  mines  within  and  bordering  on 
the  Indian  Valley  quadrangle  is  probably  somewhat  less  than  $10,000. 

Auriferous  gravels  of  ancient  streams, — The  distribution  of  the 
auriferous  gravels  of  ancient  streams  in  the  Taylorsville  region  is 
fully  shown  on  Pis.  II  and  III.  They  are  mined  at  a  number  of 
points,  especially  near  the  border  of  MoonUght,  at  the  southeastern 
head  of  Mountain  Meadows,  and  in  Cooks  Canyon,  where  Evans, 
Davis,  Smith,  and  others  have  operated  a  month  or  more  nearly 
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every  year  for  twenty  years,  but  the  work  is  confined  to  the  lower 
edges  of  the  gravels,  which  range  from  an  altitude  of  5,000  feet  on  the 
west  and  north  to  7,000  feet  at  the  southeast  about  Diamond  Moun- 
tain, on  the  crest  of  the  Sierra  Nevada.  As  the  gravels  rest  upon  the 
summits,  it  is  almost  impossible  to  obtain  water  in  quantities  sufficient 
for  ordinary  mining  even  a  few  days  or  weeks  each  year. 

In  connection  with  the  ancient  auriferous  gravels  certain  residual 
deposits  should  be  noticed  in  which  the  debris  was  not  waterwom 
nor  at  any  time  in  any  proper  sense  a  part  of  a  stream  bed.  The 
debris  is  simply  the  material  derived  from  the  disintegration  of  the 
bed  rock  in  place.  Where  rocks  contain  veins  rich  in  native  gold, 
the  gold  liberated  by  disintegration  lodges  near  by  unless  removed 
by  erosion. 

A  third  of  a  mile  northwest  of  Roimd  Valley  Reservoir  a  placer 
mine  on  the  gentle  slope  toward  the  reservoir  is  said  upon  good 
authority  to  have  yielded  $150,000  some  years  ago.  The  placer 
mine  covered  the  northern  extension  of  the  veins  from  the  Standart- 
McGill  mine  on  the  adjacent  slope,  and  its  richness  is  to  be  attributed 
to  the  residual  material  from  the  veins. 

Another  example  of  the  same  kind  was  in  the  placer  mine  of  Mr. 
Davis,  who  washed  the  soil  from  the  slate  hill  where  the  Gniss  mine 
of  Genesee  is  now  located,  and  where  auriferous  veins  w^ere  discov- 
ered which  yielded  about  $25,000. 

Several  years  ago,  on  the  western  slope  of  the  Moonlight  branch  of 
West  Fork  of  Lights  Creek,  a  small  but  rich  placer  was  discovered 
and  worked  for  a  little  while.  The  material,  though  largely  residual, 
contains  some  gravel  and  lies  close  to  the  bottom  border  of  the  great 
body  of  gravel  about  MoonUght.  The  gravel  of  that  region  rests  on 
residual  material,  and  it  is  possible  that  the  local  richness  is.  derived 
from  the  gravels  removed  in  the  process  of  erosion. 

DEPOSITS  OF  IRON  ORE. 

Although  iron  is  not  mined  in  the  Indian  Valley  region,  there  are 
several  deposits  of  sufficient  importance  to  deserve  mention,  and  at 
some  future  time  they  may  be  utilized.  The  most  promising  is  at  the 
southern  border  of  Moonlight,  in  a  broad  valley  at  an  elevation  of 
5,600  feet,  11  miles  north  of  Taylorsville,  where  an  area  of  about 
2  acres  occurs  having  red  soil  strewn  with  black  chunks  of  hematite 
and  wnth  some  magnetite.  Some  of  the  fragments  are  2  feet  in 
diameter.  No  excavations  have  been  made,  but  the  ore  on  the 
surface  and  the  color  of  the  soil  indicate  a  considerable  body  of  iron 
ore  beneath. 

About  a  tliird  of  a  mile  west  of  this  locality  a  small  opening  exposes 
a  mass  of  hematite,  in  part  breccia,  over  4  feet  thick.     It  strikes 
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nearly  east  and  west  approximately  in  line  with  the  area  noted 
above  and  dips  about  45°  to  the  south. 

A  few  degrees  west  of  south  from  the  2-acre  area  there  are  a  number 
of  small  pits  and  fragments  of  iron  ore  in  line  to  an  old  opening 
made  by  Hulsman,  which  exposes  a  veinlike  mass  of  magnetite  and 
hematite.  Some  of  the  fragments  have  magnetic  polarity;  others 
are  not  magnetic  at  all.  The  opening  is  only  about  10  feet  deep  and 
the  ore  is  said  to  run  out  at  that  depth.  It  is  possible  that  there  are 
two  lines  of  iron-ore  deposits,  one  nearly  north  and  south  and  the 
other  approximately  at  right  angles.  The  two  lines  appear  to  meet 
in  the  2-acre  area. 

Red  chert  is  exposed  at  a  number  of  points  in  the  Indian  Valley 
region,  and  it  is  not  yet  known  to  how  many  horizons  it  may  belong. 
With  it  is  always  associated  more  or  less  hematite,  so  that  the  speci- 
mens frequently  resemble  the  jasper  iron  ore  of  the  famous  Mar- 
quette region  in  Michigan. 

One  of  the  best  outcrops  of  this  kind  is  in  the  summit  of  Houghs 
Peak,  but  the  amount  of  hematite  exposed  is  always  small. 

An  exceptional  and  perhaps  the  most  interesting  mineral  deposit 
rich  in  iron  in  the  Taylorsville  region  is  the  mass  of  pyrrhotite  a  mile 
and  a  half  south  of  Taylorsville.  It  is  briefly  described  on  page  1 15,  in 
connection  with  the  Crescent  Mills  belt. 

DEPOSITS  OF  COAL. 

In  the  Taylor  gravel  diggings  a  few  years  ago  a  bed  of  coal  was  laid 
bare  and  at  the  time  attracted  attention.  The  bed  is  about  5  feet 
thick,  lies  nearly  flat  beneath  the  auriferous  gravels  to  which  it 
belongs,  and  rests  directly  upon  the  upturned  edges  of  Jurassic 
sandstone.  On  the  north  side  it  is  cut  off  by  a  fault  and  ends  abruptly 
against  the  sandstone.  Southward  beneath  the  gravel  its  extent  is 
unknown,  but  can  not  be  great.  About  a  ton  of  coal  has  been  mined 
for  blacksmithing,  but  no  definite  local  demand  has  yet  resulted. 

Traces  of  coal  were  observed  also  east  of  Moonlight,  near  the  base  of 
the  great  deposit  of  auriferous  gravel  and  sand,  and  mark  an  epoch  of 
very  gentle  slope  at  the  beginning  of  the  auriferous  gravel  period. 
None  of  the  coal  is  of  economic  value. 

MINERAL  SPRINGS. 

Among  the  mineral  resources  of  the  Indian  Valley  region  are  several 
mineral  springs  on  the  main  road  from  Taylorsville  to  Quincy.  A  few 
hundred  yards  northeast  of  the  Arlington  Bridge  is  an  iron  spring 
of  moderately  cool  water  containing  some  free  carbon  dioxide  and 
carbonate  of  lime,  so  that  it  forms  a  mound  of  calcareous  tufa  deeply 
stained  or  completely  covered  with  oxide  of  iron.  Its  flow  is  about 
4  quarts  per  minute,  and  it  is  recommended  by  the  people  of  the 
vicinity  who  have  used  it  as  good  for  those  having  dyspepsia. 
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Between  Shoo  Fly  Bridge  and  Clear  Creek,  on  the  Quincy  road,  are 
two  s^xla  springs.  The  one  near  Shoo  Fly  is  clear  and  cchiI  and  rich  in 
carbonic  acid,  refreshing  many  a  passing  traveler;  the  other  is  less 
highly  carbonated  and  has  more  iron.  Both  have  deposited  large 
masses  of  calcareous  tufa  on  the  steep  slopes.  Near  the  Shoo  Fly 
Bridge  the  tufa  looks  like  an  ordinar}'  limestone. 

The  hot  spring  near  Greenville,  said  to  be  locally  used  for  bathing 
in  case  of  rlieumatism.  was  not  examine<l. 

The  topographic  elements  of  the  north  end  of  the  Sierra  are  three 
fault  blocks  with  prominent  escarpments  to  the  east  and  long,  gentle 
slopes  to  valleys  along  their  western  borders. 

There  are  eighteen  sedimentary  formations  in  the  Taylorsville 
region,  of  which  six  are  Paleozoic,  nine  Mesozoic,  one  Tertiar}',  and 
tw7>  Quaternary'.  The  oldest  is  Silurian  quartzite  with  some  lentUs 
of  slate  and  of  limestone,  followed  in  regular  order  by  Devonian  slate 
an<l  a  great  succession  of  Carboniferous  strata  that  for  convenient 
consideration  may  be  separated  into  four  formations — Arlingtcm, 
Shoo  Fly,  Peale,  and  Robinson — all  of  which  are  characterized  more 
or  less  fully  by  fossils.  The  first  three  embrace  a  large  part  of  the 
strata  which  form  the  Calaveras  of  the  gold  belt  folios. 

The  Triiissic  has  two  formations  in  the  Taylorsville  region,  one  of 
limestone,  the  other  chiefly  of  slate,  but  the  Pit  formation  and  vol- 
canic rocks  at  the  base  of  the  Triassic,  so  extensively  developed  in 
the  Redding  region,  do  not  appear  about  Taylorsville,  where  their 
horizon  is  n»presented  apparently  by  a  marked  unconformity. 

The  Jurassic  is  unconformable  on  the  Triassic  and  is  made  up  of  a 
succession  of  seven  formations,  which  are  characterized  for  the  most 
part  by  abundant  faunas. 

Of  the  igneous  rocks  metarhyolite  is  the  oldest.  Its  effusion  prob- 
ably dates  from  early  in  the  Silurian,  certainly  earlier  than  the  time 
of  the  Grizzly  formation.  Volcanoes  were  especially  active  at  inter- 
vals in  the  Carboniferous,  giving  rise  to  three  extensive  masses  of 
meta-andesite.     Thev  were  active  also  in  the  earlv  Jurassic. 

About  the  close  of  the  Jurassic,  in  connection  with  the  compression 
and  deformation  of  the  rocks  of  the  Sierra  Nevada,  the  greatest 
eruptive  masses  of  the  region  w^ero  formed.  The  rocks  differ  mark- 
edly in  type  from  those  of  earlier  date.  Wliile  the  earlier  ones  were 
prevailingly  volcanics,  effusive,  those  at  the  close  of  the  Jurassic 
were  intrusive,  some  of  them  coarse  granular,  likediorite  and  perido- 
tite,  while  others  were  fmer  grained,  forming  dikes. 

The  great  structural  features  developed  in  the  Taylorsville  region 
during  the  orogenic  epoch  at  the  close  of  the  Jiu'assic  are  the  Grizzly 
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Mountains  anticline,  the  Mount  Jura  synclino,  and  the  Taylorsville 
fault.  The  Jurassic  strata  were  completely  overturned  toward  the 
east  and  then  faulted  by  an  overthrust — the  Taylorsville  fault — m 
the  same  direction. 

Following  the  epoch  of  igneous  intrusion  and  moimtain  building 
which  made  the  Sierra  Nevada  a  prominent  range  came  one  of  long- 
continued  erosion,  for  the  Sierra  Nevada  has  ever  since  been  dry  land, 
exposed  to  vigorous  degradation.  The  earlier  records  of  this  degrada- 
tion are  not  yet  clearly  made  out,  but  the  later  ones  are  contained  in 
the  subsequent  Cretaceous  and  Tertiary  sediments  of  the  Sacramento 
VaUey. 

Though  the  late  Cretaceous  sediments  lie  upon  the  western  base 
of  the  Sierra  Nevada,  they  do  not  form  a  considerable  part  of  the 
range.  The  first  post-Jiu'assic  rocks  involved  in  the  main  body  of 
the  northern  end  of  the  range  are  the  earUer  aiu'iferous  gravels. 

The  long-continued  erosion  during  the  Cretaceous,  with  compara- 
tively little  upheaval,  reduced  the  bold  orographic  featiu'es  formed 
at  the  close  of  the  Jurassic  to  gentle  slopes  and  gave  rise  to  what 
I^indgren  has  designated  the  Cretaceous  peneplain.  A  small  differ- 
ential uplift  of  the  range  incised  the  old  peneplain.  In  the  course 
of  time  the  valleys  were  widened  and  filled  with  auriferous  gravel 
and  finally  covered  by  volcanic  flows. 

The  prevolcanic  portion  of  the  auriferous-gravel  period  is  repre- 
sented on  the  north  end  of  the  range  by  1,000  feet  of  deposits,  of 
which  the  lower  half  is  chiefly  residual  sand.  This  sand  originated 
in  the  gentle  slopes  of  the  region  when  disintegration  exceeded  trans- 
portation, and  the  auriferous  quartz  veins  were  set  free  and  gradually 
concentrated  by  the  removal  of  fine  material  until  the  rich  quartz 
gravels  of  the  earliest  stream  beds  now  preserved  were  formed.  The 
prevolcanic  portion  of  the  auriferous-gravel  period  was  long,  and  the 
drainage  of  the  Taylorsville  region  at  that  time  was  northward,  into 
the  water  body  which  then  filled  the  Lassen  Peak  depression  between 
the  Sierra  Nevada  and  the  Klamath  Moimtains  and  received  sedi- 
ments of  the  entire  period. 

The  flora  of  the  early  auriferous  gravels  of  the  Taylorsville  region 
has  a  number  of  forms  that  occiu*  not  only  in  the  earlier  gravels  of  the 
western  slope  of  the  Sierra  Nevada  but  also  with  marine  shells  of 
Eocene  age  in  Oregon  and  support  the  suggestion  made  by  Lindgren 
that  the  earliest  prevolcanic  auriferous  gravels  are  at  least  in  part 
of  Eocene  age. 

The  condition  of  low  relief  prevailed,  with  but  sUght  changes  of 
level,  to  the  close  of  the  Tertiary,  when  the  Quaternary  was  initiated 
by  great  topographic  changes,  the  consequences  of  the  great  uplifting 
and  faulting  of  the  range. 
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Acrochordiceras 31 
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Alectryonia  sp 46 

Algae 27 

Alluvium,  oocurrence  and  character  of 80 

Alnus  Kefersteinii 75 

AmboCGBlia  planiconvexa 24 

American  River,  rocks  on 57-58 

American  Valley  foult,  description  of 102 

Ammonites 56 

Ammonitina? 46,49 

Amplexus 57 

Andesite,  occurrence  and  character  of 9^94 

relation  of,  to  other  rocks 94 

Andesitic  breccia,  occurrence  and  character 

of 74 

Anomia  sp 40 

Arcestcs 32 

bicarinati 31 

galeati 31 

sublabiati 31 

tomati 31 

Aralia  angustilobii 77 

lasscniana 75 

Whitncyi 75,77 

ArchM'Ocidaris 27,28,57 

Arkose  sands,  occurrence  and  character  of , . .        72 

Arlington  Bridge,  rocks  near 93 

springs  near 119-120 

Arlington  formation,  fossils  and  age 22 

occurrence  and  character  of 20-22 

relation  of,  to  other  formations 22,23,84,90 

Asplenium  Wegmanni 75 

Astarte 56 

Astrea  geminata 52 

Atractites 31 

Aucella 60 

erringtoni 60 

piochi 60 

Aulopora  sp 27 

Auriferous  gravels,  age  of 76-78 

classification  of 72-74  116-118 

development  of 116 

fossils    of 74-76 

occurrence  and  character  of 60-72 

j)erio(i  of,  topography  o( 78-79 

Aviculipccten  interlineatus 27 

sp 27 
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Balatonites 31 

waageni 31 

Basalt,  occurrence  and  character  of 95-97 

Belemni  tes 52, 56 

breviformis 47 

sp 47,60 

Bicknell  sandstone,  fossils  and  age  of 49-50 

occurrence  and  character  of 48-49 

relation  of,  to  other  formations 50,52 

Bluebell  mine,  description  of 116 
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Calaveras  group,  occurrence  and  character  of.  20 

See  also  Arlington  formation;  Shoo  Fly 
formation;  Peale  formation. 

Cambrian  time,  events  in 194 

Camxx)phyllum  sp 27 

Camptonectes  bellistriatus 52 

CarlK)niferous  igneous  rocks,  occurrence  and 
charat'ter  of.    Sec  Taylor,  Kettle, 
and  Reeve,  meta-andesitr. 
Carlx)niferous  sedimentary  rocks,  occurrence 

and  character  of 13 

Sre  aJ»o  Calaveras  group;  Robinson  for- 
mation. 

Carboniferous  time,  events  in 1U5-106 
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Cascade  mine,  gravels  in tV2-ii3 

Cedar  Creek,  gravels  on ti3 

Chemnitzia 50, 52 

athleta 50, 52 

sp 50 

Cheney  Creek,  rocks  near 94 

Chico  time,  events  in lOS-109 

Chips  diggings,  gravei  of 63 

Chonetes  sp 28 

Cidaris 39 

sp 40 

Cinnamomum  polyraorphum 75 

Scheuchreri 75 

Coal,  occurrence  and  character  of 119 

Colfax,  rocks  near 59 

Conglomerate,  figure  showing 21 

occurrence  and  character  of 21 

Conifer 55 

Cooks  Canyon,  gold  in 117 

Copper,  mining  of 111,115 

Coral 27 

Cosmopolitan  mine,  description  of 116 

C  mnia ; 28 
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('rescent  Mills,  geology  near 114-lir) 

mining  near 114 

rocks  near 18,84,90 

Cretaceous  rocks.    See  Serpentine. 

Cretaceous  time,  events  in 108-109 

Crinoid 1«,25,27,28 

Crystal  Lake,  rocks  near 20-21 

rocks  near,  figure  showing 21 

Ctenostreon 39, 46 

pectiniformis 47 

sp 40,47 

Curtice,  C^ooper,  fossils  collected  by 55 

Curtice,  Cooper,  and  Stanton,  T.  W.,  fossils 

collected  by 28 

Cyathophyllum  sp 17 

Cystodictya  sp 27 
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Daonella 67,58 

Devonian  rocks,  occurrence  and  character  of.       13 
See  also  TaylorsvUle  formation. 

Devonian  time,  events  in 105 

Diamond  Mountain,  gravel  of 69 

rocks  of 94 

section  of,  figure  showing 70 

shore  terraces  of,  gravel  of 69-70 

figure  showing 70 

Diamond  Mountain  block,  description  of . . .      9-11 

Dielasma  sp 27 

Dikes,  occurrence  and  character  of 90-92 

relation  of,  to  other  rocks 92 

Diorite  dikes,  occurrence  and  character  of 90,92 

Diphyphyllum 57 

Drainage,  description  of 12-13 

Drainage,  ancient,  description  of 63-66 
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Economic  geology,  description  of 1 11-120 

Edmonton,  fossils  from 29 

Edmondiasp 27 

Effusive  nxfks.       See  MetarhyoUte;    Meta- 
andesite. 

Kntolium 39, 46 

costatum 50 

meeki 39,40 

Eocene  time,  events  in 109 

Equisetum  munstcn 55 

Escarpments,  description  of 10, 11-12 

Esthcria 36 

Eumicrotis 60 

Evans  Peak,  rocks  on 24, 54-55, 57  ! 

rocks  on,  sections  of,  figures  showing 54 
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Fagus  .Vntipofil 75 

Fant  meta-andesitc,  age  of 88 

occurrence  and  character  of 87 

relation  of,  to  other  rocks 87-88 

Faults,  location  of,  figure  showing . .  8  . 

Favosites 17  l 

sp 25 

Feather  Iliver,  drainage  by 12-13  I 

gold  on 117  I 

Fcnosteliasp 27 

Ficus  asimimcfolia *. 75 

microphylla 75 

shastensis 75 

tUiicidiia 75,77 
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Five  Boar  mine,  description  of 116 

Folsom,  rocks  near 59 

Fontaine,  W.  M.,  fossils  determined  by 55 

Foreman  formation,  fossils  and  age  of. 55, 50 

occurrence  and  character  of 53-55 

relation  of,  to  other  formations. .  56-57, 85, 88, 91 

Foremans  Ravine,  rocks  in 25,.^1,57,94 

Fossils.    See  particular  formoHoMt. 

Fusulina 25 

elongata 27 

sp 27 
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Qenesee  Valley,  description  of 10 

geology  in 115-116 

mining  in 114 

rooks  in  and  near 26, 

27. 32. 33. 35. 52. 84, 85, 86, 89-W 

section  near,  figure  showing 29 

Oeography,  description  of 7-8 

Geologic  history,  outline  of 8-9,104-111 

Geology,  description  of 8-9, 13-104 

Geology,  economic,  description  of 111-120 

Gervillia 30 

a\iculoides 47 

gigantea 40 

ianceolata 47 

linearis 40 

sp 47 

Geyerella 28 

Girty,  G.  II .,  fossils  determined  by ... .  22,  '25.  '27. 28 
Glacial  moraines,  occurrence  and  character  of       80 

Gleichenia 55 

Gldchenopsis :m 

Glossopteris .")5 

Glyphea 39 

punctata 40 

solitaria 40 

Gold,  mining  of 111,11.'>-118 

yieldof ill 

Gold  Run,  gravels  on (iH-«» 

Goniomya  v-scripta , 39 
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Goodhue,  G.  II.,  fossils  collecte<I  by 28 

Grammoceras  leunun 47 

toarcense 47 
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Granodiixrite.  occurrence  and  character  of . . .  89-90 

relation  of.  toother  rocks 22.3t'»,90 

figure  showing 29 

Gravels.    See  Auriferous  gravels. 
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figure  showing 15 

Grizzly  Mountain  anticline 98 
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Grizzly  Mountains,  rocks  of 16, 

19, 30-31 ,  .38, 42, 45.  S2. 87, 88, 89 
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Magnolia  califomica,  Inglefieldi 75 

lanceolata 75, 77 

Map,  geologic,  of  region 7 

Map,   topographic  and  geologic,  of  Honey 

Lake  quadrangle Pocket. 

topographic  and  geologic,  of  Indian  Val- 
ley quadrangle Pocket. 

Mapes,  gravel  near 71 

Marglnlf era 28 

Mariposa,  rocks  neat 59 

Mariposa  formation,  occurrence  and  character 

of 59-60 

Meekella  striaticostata 27 

sp 28 

Meekoporasp 25 

Meta-andesite.    See    Taylor;  Kettle;  Reeve; 

Fant;  and  IIull  meta-andesiUM 
Metarbyolite,  occurrence  and  character  of. . . .  81-^ 

relation  of,  to  other  rocks 82 

Milfoid,  gravels  near 71 

Milton  formation,  fossils  of 59 

occurrence  and  character  of 58-59 

Milton  region,  drainage  of 65 

Mineral  springs,  occurrence    and    character 

of 119-120 

Miners  list  of 112-114 

Mining,  historj'of Ill 

Miocene  igneous  rocks,  occurrence  and  char- 

acter  of 92-93 

Miocene  time,  events  in 109-110 

Modln  formation,  correlation  of 36 

Modiola 39,46 

imbricata 46 

subimbricata 46 

sp 40,60 

Mohawk  Valley,  gravels  at 03 

gravels  northeast  of 71-72 

Mohawk  Valley  fault,  description  of 102-103 

Monotis 57, 58 

subcircularis 33 

Monte  de  Oro  fonnatlon,  fossils  of 60 

occurrence  and  character  of 69 

Montgomery  Creek,  rocks  on 14-15, 16, 89 

Montgomer>'  limestone,  fossils  and  age  of 16-17 

occurrence  and  character  of 16 

relation  of,  to  other  fonnations 15, 17, 19 

figure  showing 15 

Montlivaultla 40 

Moonlight,  gold  near 1 1(>-118 

gravels  near 66-67 

iron  ore  near 118 

rocks  near 85, 89 

Moraines,  glacial,  occurrence  and  character  of.        80 

Mormon  formation,  fossils  an<l  age  of 4C-47 

occurrence  and  character  of 44-46 

relation  of,  to  other  formations 43-44, 
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figure  showing 48 
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Myalina  subquadrata 27 

sp 28 

Myoooncha  sp 27 

Myrica  Ungeri 76 

Mytllus 39 

sublaevis 47 

sp 40,47 
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Nanney,  rocks  near 94 

Nerinea 44, 60 

Nevada  basin,  rocks  of 58-59, 60 

North  Arm,  pot  hole  on 79-80 

rocks  near 38,42,43,45,49,52,5^-54,86,87 
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paradoxa 

Oregon,  southwest,  fossils  of. 

Oreodaphne  llVsaBformis 
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marshii 
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Paul,  E.  (\.,  fossils  collected  by 

I'eale  diggings,  gravels  of (i2 

Peale  fonnation,  fossils  and  age  of 24-25 

occurrence  and  character  of 24 

relation  of,  to  other  rocks 25, 29, 57, 84,  hh,  91 

Pebbles,  fracturing  of 21 

fracturing  of,  figure  showing 21 ,  22 

Pecten  acutiplicatus 39, 40 

demissa-gingensis 47 

disciformis 47 

suprajurensis 52 

sp 40, 47,  '>6, 60 

Pelecypoda 24 

Pencil  structure,  description  of 54-55 

figure  showing 54 

Perisphinctes 47, 49, 56 

Persea  Dilleri 75 

pseudocarolinensis 75 

Peters  Creek,  rocks  on 26-27. 30, 54-.'>5, 85 

Phillipsia  sp 24 

Pholadomya  fidicula 47 

sp 40,47 

Phragmites  (rningensis 75 

Pinna 39 

cuneata 47 

cuneiformis 47 

expansa .19, 40 

Platanus  appendiculata 75 

dissecta 75 

Plateau,  description  of 10 
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Pleuromya  sp ^ 

Pleurotomarta  sp 27 

Pliocene  igneous  rooks,  occurrence  and  char- 
acter of 93-04 

Pliocene  time,  events  in 100-110 

Podozamites  taylorviUensls 55 

sp 55 

Populus  Zaddachi 75,77 

Prattville,  rocks  near 18 

Productus  punctatus 27 

semireticulatus 27, 28 

sp 24 

Pseudomonotis 33 

sp 27 

Pteropema  costatula 47 

plana •• 47 

sp 47 

Pterophylluni 56 

Ptcrospemiites  spectabills 75 

Pugnaxsp 28 

l*>Trhotite.  occurrence  and  character  of —  115, 119 

Q. 
Quatemarj'  dei)08its,  occurrence  and  charac- 
ter of 70-80 

Quaternary  lavas,  occurrence  and  character  of  05-97 

Quaternary'  time,  events  in IIQ-IU 

Quercus  Boweniana 75 

con  vexa 75 
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Moorii 75 
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Red  Clover  Creek,  rocks  on 71-72 

Red  Mountain,  gravel  of 60 

rocks  of 94 

Reeve  meta-andesite.  occurrerue  and  charac- 
ter of 86 

relation  of.  to  olhrr  nn-ks S<v->>7 

fi|:iire  showing 29 

Reinei'kia 49 

Relief,  description  of 9 

Rhacophyllltcs 49,52 

sp 5(J 

Rhombopora 27 

Rhus  metopioidcs 75 

mixta 75 

Rhynchonella 44. 45, 4« 

quadriplicata 4(» 

sp 27,28 

Rhyolite,  analysis  of 92 

flow  of »i5 

occ'urreme  and  chamttcr  of 92-93 

Rhyolite  dikes,  occurrence  and  characler  of..  9(M)1 
Robinson  fonnation.  fossils  and  ago  of 27-29 

ocrurrcnce  and  character  of 2r>-27 

relation  of,  to  other  fonnatioius 25, 

29-30, 32.  ;j3-34.  .'w ,  KTi,  Nl 

figure  showing 29, 48 

Round  Valley  Reservoir,  gol<i  near 118 

rocks  at K9,  ^KJ,  9 1 

Rush  Creek,  gold  on 117 
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Sabalites  califomicus 75, 77 

Sagenopteris 55 

sp 55 

Sailor  Canyon  formation,  fossils  of 57-58 

occurrence  and  character  of 57 

Salix  califomica 75 

Schizophoria 28 

Schuchert,  .Charies,  fossils  determined  by 24-25 

Sedimentary  rocks,  description  of 13-80 

Serpentine,  occurrence  and  character  of 88-80 

Shoo  Fly,  rocks  near 92,07 

spring  near 120 

terraces  near 80 

Shoo  Fly  formation,  fossils  and  age  of 23 

occurrence  and  character  of 23 

relation  of,  to  other  formations 22, 23, 84 

Shore  gravel,  occurrence  and  character  of 74 

Sierra  City,  gravels  near 63 

Sierra  Nevada,  faults  limiting,  location  of, 

map  showing 8 

geology  of 8-0 

Sierra  Valley,  drainage  of 78-70 

Silurian  rocks,  occurrence  and  charai^ter  of. . .       13 

See  aiso  Oriuly  formation. 

Silurian  time,  events  in 105 

Smith,  J.  P.,  fossils  determined  by 33,50 

on  Swearinger  slate 33 

Soda  Creek,  gold  on 117 

Sphieroceras  gervUll 47 
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Sphenopteris  (iuyottii 75 

Spirifer  cameratus 27,28 
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striatus 24 

sp 27,28 

Spirlferlna  pulchra 28 

sp 27,31,32 

Squamularla  guadalupensis 27 

lineata 28 

Squaw  Creek,  drainage  by 12 

gravels  on 71 

rocks  near 94 

Stanton,  T.  W.,  fossils  collected  by....  24. 3i'», .W, (iO 
Stanton,  T.  W.,  and  Curtice,  Cooper,  fossils 

collet'ted  ])y 28 

Stenoiwra  sp 22, 25 

Storrs,  James,  fossils  collected  by 17, 

22,25,27,.V>,rKi,«) 

Stratification,  (le^M•riptioIl  of 13-80 
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